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EXECUTIVE SUMMARY 

S? "nion Lak^ Feasibility Study (FS) is one of three FS reports 
being prepared for the Vineland Chemical Company (ViChemf work 
assignment. The FSs include: ^u.^cxiy vvn.nem; work 

o The ViChem plant site proper; 

° Tl?w River. Areas, consisting of the Blackwater Branch 
(the receiving stream from the ViChem plant) and the 

itS con£lue«« with the Blackwater 
Branch to Union Lake; and 

° River LakS' 311 870-acre impoundment on the Maurice 

Three Remedial investigation (RI) reports are being prepared and 
submitted to the USEPA for the ViChem work assignment as follows: 

o The ViChem plant site proper; 

° Jho Arf?s' consisting of the Blackwater Branch, 
the Maurice River from its confluence with the Black-
water Branch to Union Lake, and the Maurice River below 
Union Lake to the Delaware Bay; and 

o Union Lake. 

The purpose of the Union Lake FS was to develop, screen and 
evaluate potential remedial alternatives to address serf'imJnf 
c o n t a m i n a t i o n  f o u n d  t o  c a u s e  i n c r e a s e d  h e a l t h  r i s k s "  
envrronmental xmpacts This report was prepared in accordance 
RomaHi!? T USEPA s March 1988 Draft Guidance for Conductina 
Remedial Investigations and Feasibility Studies Under CERCLA. 

sitesVlineNewitreeraf ran?ed amon9 the t0P ten hazardous waste 
Priori tie s L i s"t v i rh.m 'l ranked Inuraber 42 <"> the National 
v,« List. ViChem has manufactured organic arsenical 
herbicides and fungicides at this plant since 1949 ih. « 
facility is located in the northwest corner of the city of 
Vineland in Cumberland County, New Jersey. The plant is 
situated in a partly residential and partly industrial a?ea 

The Blackwater Branch flows past the ViChem plant and receives 
°"n waf er discharge from it. From the plaSt the Blackwater 

thl Maurice5 Rive^ThVV'5- V- bef°re itS confl"ence with 

approximately 8.5 miles downer Jam'from "his3 cShfluSc?1 L?£j 

downstreamVfrom^UnionnLak^he DelaWare Ba^ ^Proximately 25 miles 

o 
to 
i—> 
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Detailed information on the past use, storage, and disposal of 
all process materials at the plant is not available It is 
known, however, that waste salts (listed hazardous waste K 031) 
containing arsenic were piled outdoors, and that precipitation 
Al^n t-h"9 I I- piles. flushed arsenic into the groundwater. 
Also, the plant previously discharged untreated process water 

,lag.00ns' and the water was allowed to percolate into the 
J*"- i. fu- contaminated groundwater subsequently 

discharged into the Blackwater Branch and was distributed 
downstream m the Maurice River drainage system. 

Previous investigations have shown elevated arsenic concentra
tions m surface waters and sediments as far as 26.5 river miles 
downstream from the plant in the Maurice River, it was suspected 
plant3 SeX10US groundwater contamination problem existed at the 

In the Union Lake RI it was determined that arsenic was the main 
follows"3 concern. Pertinent findings from the RI are as 

° iPeni^.was found t0 be the main contaminant of concern 
The sediment and water in Union Lake both had elevated 
arsenic concentrations. The mean arsenic concentration 
in the sediment was 74 mg/kg. Upstream of the ViChem 
plant site, arsenic was undetected in the sediments. 
The mean total arsenic concentration in the lake water 
was 56 ug/1. This is slightly above the Federal 
Primary Drinking Water Standard for arsenic of 
50 ug/1. Arsenic was undetected in the surface water 
upstream from the ViChem plant. 

o Arsenic was detected in some fish samples at low 
JhJn61! /i?n\S i1 rag/kg)- Low concentrations (less 
than 1 mg/kg) of PCBs were also detected in some fish 
samples. PCBs were not analyzed in the water and 
fromm?htS i °if lak6' They were analyzed upstream 
from the lake, but were found only sporadically at low 
concentrations. 

he arsenic distribution in the sediments was very 
!Sj°9eneOUSj Samples taken in close proximity to one 
Jho ^fri- va^ied gr.eatly in arsenic concentration. While 
a?!„ base within the lake was limited, in other 
areas in the basin arsenic correlated positively with 
increased organic content and increased fine 
fraction content. size 

studl®s Performed by other investigators 
•?!! US2- I arsenic bound very strongly to the organics 
n sediments. ̂ A maximum of 50% was leachable even under 

* tC1?1C conditi°ns. The estimated partition 
a£d betweerl arsenic on the organic sediments 
and water was a maximum of 1,100. 

< 
M 
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Since Union Lake is part of a dynamic system, the fate and 
transport of arsenic within the watershed as a whole was 
pertinent to this FS. Findings from the other HI reports that 
relate to this FS are as follows: reports that 

° SAte R,1' U was shown that groundwater 
discharge off the plant site was the main source of 
arsenic into the watershed. An estimated 6 metric tons 
ni ars®nic Per year were being discharged into the 
Blackwater Branch from the plant site in 1987. The 
previous rate of release was probably much higher. The 
groundwater discharge flows into the Blackwater Branch; 
it does not flow beneath it. 

o The Blackwater Branch and the upper Maurice River above 
Union Lake basically behave as conduits for arsenic 
transport. That is, they presently transport arsenic 
released from the site into Union Lake. Because of 
this, it was estimated that if the source of arsenic 
nrnSr» miMt- • (e.g., if a groundwater remediation 
program were initiated at the ViChem site to prohibit 

gr°"ndwater from entering the Blackwater 
Branch), then the river water arsenic concentration 
should drop relatively quickly. 

o Union Lake has been a large receptor of the arsenic 
a .the aite- Of the estimated 500 metric 

tons of arsenic released over time, an estimated 150 
metric tons are now bound to Union Lake's sediments. 

o It could not be determined what controlled the arsenic 
*n Union Lake's water. On one hand, the 

of .^?ncentTatlons coming in, within, and going out 
hanH aPProximately the same. On the other 

d'^h.e lak® s water and sediment were apparently at 
^riUm' , ased, on the mean arsenic concentration in 

T^r^o™ a"d sedim®nts and the partition coefficient, 
herefore, the controlling mechanism for the lake's 

from1 the, incomin9 water or desorption 
sediments, could not be determined. The 

tTo llTcl^£ this was ̂  if the source °f ara^iJ 
the basin were eliminated, it could not be 

definitively stated that the lake's arsenic 
would also be reduced. Almost certain 

not be determined. ' h°" mUCh and h°" quickly coula 

The risk assessment presented in the Rl considered a number of 
ExDosure pathwa?s to the lak*'a water, sediment and fish 
usage of Ihl "lcVlated considering recreational 
Risks were 711 14-' ,since lt: ls a popular recreational area. Z calculated on a "most plausible" and a "worst case-

to provide a range of estimates. Risks were calculated 

9495b 
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for a range of conditions; lake full, lake drawn down for dam 
spillway reconstruction, and lake drawn down" bec«us£ of 
llnowS; Pettlnent Of the risk assessment were « 

o yery increased risk resulted from lake draw
down. Risks during the period of drawdown considered 
were in the range of l x 10-8, 0r one predicted 
exposed!" ° Cancer per one hundred million persons 

o Slightly increased risks were calculated for accidental 
water ingestion. The most plausible risks were approxi
mately 6 x 10-6 (six incidents of cancer per one mil
lion persons exposed), while the worst case risks were 
approximately 4 x l0-5 {four incidents of cancer per 
one hundred thousand persons exposed). 

° £^reas.ed *isk* from fish ingestion were calculated 
The majority of the risks were from the low levels nf 
TheSpCBsndaren *1® (w,,ithin USDA dietary standards). 
site Thecairna1 -° b? related to the ViChem 
site. The calculated arsenic risks from fish inaestion 

bhrOVertin,ated since the form of arsenic 
fish is believed to be relatively nontoxic. 

° £n«®s"°n durin9 recreation risks 
were 6 x 10 (six incidents of cancer per one mil-
aid" 7exrSi°n-4 exposed) *?y .the »ost plausible pathway, 

* (seven incidents of cancer per ten 
thousand persons exposed) by the worst case pathway 
veiv PshaiTnw WaS<-C°nSi,dered V3lid °nly for sediments in 
deep. 0W water' less than two and one half feet 

o To account for arsenic heterogeneity in the lake sedi 
ments and possible hot spots, Acceptable sldlme^ 
arsenic concentrations were back calculated from the 
most plausible exposure pathways. A sediment arseM? 
concentration of 120 mg/kg back calculated to a risk of 

5 <0ne incident of cancer per one hundred 
thousand persons exposed). These sediments would be 
feet deep^ Shall0W Water' less fchan two and one half 

conramlfa?LnaCii°nthebjieaCkeiVe addr6SS the 

contamination (the incoming water or deso?ption °f rom * the "l ̂  

treatinn^the detl™ined' -d Ss^f i^ra ! « 
in the 1»J2 • approximate 2.7 billion gallons of water m 
aitenTatives w * thl^ko ' r"an "te o£ 325 c£s< * 
<51 nr.<a 4-1, lake water were not considered. Also 

there was some question regarding the actual fish § 
to 

o 
_ . to 
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ingestion risks, remedial objectives for this problem were also 
not considered. Therefore, a remedial action objective was 
established for the contaminated sediments as follows: 

o Minimize public access, either through containment 
removal, or institutional controls, to areas with 
unacceptably high sediment arsenic concentrations. 

The FS established the following remedial strategy to achieve 
the remedial action objective: acnieve 

° bLchheHnmr?S^h0aCJeSS^ble areas. of the lake (the public 
beach and the tennis and sailing club) all sediments 
underlying a water depth of less than five feet with an 
remediated>nCentrati°n °f 2° mg/kg °r greater would be 

o in the residential areas of the lake along the eastern 
shoreline, all sediments underlying a water depth of 
less than two and one-half feet with an arsenic 
concentration of 20 mg/kg or greater would be 
extendi*. Thereafter' the remediation wSulS be 
extended to remove sediments with an arsenic 
concentration above 20 mg/kg within 150 feet of the 
shoreline, up to a five foot water depth. 

o For the remaining areas of the lake, where activities 
that promote sediment ingestion are less likely to be 
engaged in, the action level would be 120 ma/ka 
Remediation would be conducted to a two and one-half 
foot water depth at a minimum. Thereafter, the 
remediation would be extended to remove sediments with 
fLt^fTho chonce.n.tration above 120 mg/kg within 150 
feet of the shoreline, up to a five foot water depth. 

2ht 10-69etin Clt-h^nUPmn leVSl corFesponds to a cancer risk of 
1 t 10-5 in J.he, ™°re accessible areas of the lake, and 
x 10 m the less accessible areas of the lake usino tho 

most plausible exposure pathway models. 

Unexpected th?td°T t0 f.acnitate dam reconstruction, it 
is expected that construction will be complete and that the lake 
will be refilled by June of 1990. Because of the likelv timina 
taken6"1 prior to*1 do® ¥ th® Sit®' With uPstream actions being 
taxen prior to downstream actions, it is unlikely that a™ 
has been Refilled lBk& C°Uld b® taken Until afte* the lake 
„ °ee.n. re.f:I-lled. However, NJDEP owns and operates the lake 
and could either postpone refilling the lake until the remedia- < 

and drawC<?tPhett °/ refi11 the lake after the dam reconstruction 3 
and draw it back down at the initiation of the remedial action 
laL'tTbe'it3^6^^^65 are fberefore examined considering ?Se ° 
lake to be at its full condition and at drawdown. aering tne ^ 

o 
to 
to 
o 
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Several interpretations of the site conditions by USEPA 
Headquarters Site Policy and Guidance Branch personnel affected 
this FSi 

1) Lake sediments contaminated with arsenic are themselves 
the listed hazardous waste K 031. This is based on the 
belief that the lake sediments were contaminated with 
arsenic from the listed hazardous waste K 031 produced 
on the ViChem site. If excavated, these sediments have 
to be treated and delisted prior to disposal as non-
hazardous materials. 

a 2) if disposal is off-site, delisting would involve a 
petition to the NJDEP. A substantive portion of this 
petition requires the treated sediments to have an 
arsenic concentration of less than 0.32 mg/1 in the 
extract from an EP Toxicity Test. This concentration 
is stipulated by the VHS model, which is a substantive 
delisting tool. 

-the treated sediments are disposed of on-site, a 
delisting petition to the NJDEP would not be required. 
The USEPA*s Region II Regional Administrator could 
decide that nonhazardous disposal is appropriate on the 
basis of the treated sediments meeting the substantive 
delisting requirement, which in this case is the 
0.32 mg/1 arsenic level in an EP Toxicity extract from 
the treated sediments. 

tbe treated sediments cannot pass the EP Toxicity 
Test criterion of 0.32 mg/1 arsenic, but have an EP 
Toxicity Test concentration of 1 mg/1 arsenic or less, 
they cannot be disposed of as nonhazardous material, 

dlsP°sed of as hazardous material in a 
a »+• 4-CK-The 1 mg/1 criteria was 

termed a treatability variance" for the sediment. 

J"he treated sediments do not pass the EP Toxicity 
°,f, * mg/1 arsenic' they cannot be 

J? K in any type of landfill facility 
(the land ban ). A different treatment technology or 
remedial technology would have to be selected. 

6) The lake areas are considered part of the site, since 
they are within the "area of contamination" from the 
site. The areas adjacent to the lake are not con
sidered part of the site. This means that an "on-site" 
landfill cannot be constructed adjacent to the lake, 
but must be located on the ViChem plant property. 

«rtlm'ie„rlCh~„S,Cale treatability tests "ere performed to meet the 
IrtKtL °S objective: chemical fixation and chemical 
extraction. Based on the treatability studies, other 

9495b 
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information gathered in the Rl, and other information from 
vendors, it is expected that the fixation could chemically 
stabilize or physically bind the arsenic to the sediments such 
that leachable arsenic concentrations would be less than 
0.32 mg/i (as established by the VMS model, the substanUve 

la V,"9 t00l>' It is also expected that the fixated product 
would have an unconfined compressive strength of 1,500 pounds 
per square foot (PSF). By meeting these criteria, the fixated 
product would be expected to be delistable and could be disposed 
of m a nonhazardous waste landfill. The extraction test 

fc^at araeruc,.could be removed from the sediments such 
^ extracted sediments had an arsenic concentration of 

34 mg/kg. Based on results of EP Toxicity Tests conducted on 
untreated sediments and other information gathered in the RI it 
was expected that the extracted sediment would have leachable 

concentrations less than 0.32 mg/1. Thus it could be 
disposed of ma nonhazardous landfill. The extractant could be 
treated to meet MCLs and could be discharged back to the lake 
The sludge generated from the extraction process would be 
transported off-site to a RCRA treatment and disposal facility. 
Since both treatment technologies were successful in the tests' 
both were considered in the FS. rests, 

SonSSlU °ft0 ^ve "iJtfon 
?fen:̂ „t,reanPd°nrSeemov^ti0nS lBCl"" D° *"<»< contlinmeS? 

Technologies to meet the general response actions were 
identified. Technologies for the no action response include 

r?st1ri?ted use' and public awareness. Containment 
technologies include capping the sediments with sand, clay, and 
manmade liners. Removal and treatment technologies include 
removing the sediments, extracting or fixation of the removed 
sediments, and in situ treatment methods. 

screened to eliminate technologies that 
[P unpr,ovf"' would not meet the remedial action 

objective, and (3) would be difficult to implement due to the 
nature of the site and/or the nature of the contaminants. 

The technologies that passed this screening were then combined 
MPD °ve"1:L remedial action alternatives in accordance with 

f!!r JSJ Section 300.68(f). The remedial alternatives considered 
for addressing the contamination were: 

SOURCE CONTACT. 

o Alternative 1: No Action ; 

o Alternative 2A: Removal/Fixation/Off-Site 
Nonhazardous Landfill 

9495b 
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o Alternative 2B: Removal/Fixation/On-Site 
Nonhazardous Landfill 

o Alternative 2C: 

o Alternative 3A: 

o Alternative 3B: 

o Alternative 3C: 

o Alternative 3D: 

o Alternative 4A: 

o Alternative 4B: 

o Alternative 5: 

Removal/Fixation/Lake Deposition 

Removal/Extraction/Sediments to Off-
Site Nonhazardous Landfill/Off-Site 
Hazardous Sludge Disposal 

Removal/Extraction/Sediment to On-
Site Nonhazardous Landfill/Off-Site 
Hazardous Sludge Disposal 

Remova 1 / Ext raction/Lake Deposi tion 
of Sediments/Off-Site Hazardous 
Sludge Disposal 

Removal/Extraction/Plant Site Deposi
tion of Sediments/Off-Site Hazardous 
Sludge Disposal 

Removal/Off-Site RCRA Disposal 

Removal/On-Site RCRA Disposal 

In Situ Sand Cover 

Removal of the sediments was common to all of the alternaHvpc 
except Alternative 1, No Action, and Alternative 5? In Ii?u slnd 
Cover. if remediation is conducted when the lake is at it>? f„n 
?nhmltl0a' hyd/aulic dred9ing would be implemented to remove the 

when lake is'at'drawifrf ' " '"•«•«<>» i» conduced 
wm.ifi hi X at drawdown, the exposed contaminated sediments would be removed utilizing dry excavation techniques. seQiraents 

aJotSer"?? ̂  2C' ^A' 3B' 3C' and 30 differed from one 
extraction) and d-Se<Iiment treatment (fixation or 
extraction; and m the disposal options for the troatoH 
sediments (off-site in an existing nonhaaardous lan«in 
thl ^ Vxa ne"ly constructed nonhazardous landfill built for 

b i s 
- ---- -

ThP L x sfdiments would not be removed or treated. 
contaminated UsedSiaments.ayer W°Uld provide containment of the 

on three3̂ criteria'*"9 «°f f.!?"8 alternatives was performed based 
criteria. effectiveness, implementability, and cost. o 

o 
to 
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The alternatives were screened against these criteria, and were 
compared one against another to find the most promising alter
natives to take into detailed evaluation. 

Factors considered to determine an alternative's effectiveness 
were its ability to protect the public health and the environ
ment, and its ability to reduce the mobility, toxicity, or the 
volume of the contamination. Factors considered to determine an 
alternative's implementability included its overall feasibility 
of implementation, its established or estimated reliability, and 
the availability of necessary equipment and services, 'cost 
screening at this initial stage was performed on an order-of-
magnitude basis, with only those alternatives that exceeded 
another's cost by an order of magnitude being eliminated on the 
basis of cost. 

Alternative 1, No Action, was retained for evaluation because it 
serves as the base case against which the other alternatives 
were compared. Alternatives 2A, 2B, 3A, 3B, 3C, and 3D all met 
j remedial action objective, were considered implementable, 

and did not vary by an order of magnitude in costs. These were 
all retained for further detailed evaluation. Alternative 2C 
was not considered implementable. Fixation would immobilize the 
arsenic; no reduction in toxicity of the arsenic would be 
realized. If the fixated material leached appreciable amounts 
of arsenic to the lake, there is no feasible method to monitor 
°^.r?cove^ deposited material. Therefore Alternative 2C was 
eliminated from further evaluation. Alternatives 4A and 4B were 
eliminated from further evaluation because they would not meet , , „ c_ , , . , , . uucjr wuuiu IIUL meet 
the forthcoming land disposal restrictions and would not provide 
for a permanent remedy. 

The alternatives that passed the initial screening were then 
further evaluated in detail with respect to the nine criteria 
stipulated in CERCLA as amended, OSWER Directive No. 93SS.0-19 
Q^OC o h e  statutory factors described in OSWER Directive' No 
93SS-21. The nine criteria are: short-term effectiveness; 
long-term effectiveness; reduction of toxicity, mobility or 
volume of contamination; implementability; cost; compliance with 
ARARs; overall protection of human health and the environment; 
state acceptance; and community acceptance. A summary of the 
detailed evaluation of the alternatives that passed the initial 
screening is discussed below. 

SOURCE CONTROT. 

Alternative 1, No Action, provides the baseline against which 
the other responses can be compared. There would be no 
substantial remediation activities involved; therefore there 
would be no reduction in potential environmental contamination. 
Public access to the lake would be reduced by sign posting and 
educational programs. This would not meet the statutory 

E-9 
9495b 

o 
tO 
to 



requirements of reducing the toxicity, mobility, or volume of 
nSf lTtslnt5ARARshlS 3lternative is easy to implement, but would 

conducted when the lake is at its full condUioT requiring tK 
implementation of hydraulic dredging, and when the lake is tt 
drawdown, requiring the use of dry excavation Removal of >h« 
submerged sediment by dredging would not generate fTaitiv^ fi f 
emissions, which is potentially associate! wYth^dry9excavation 

the exposed sediments, thus having minimal impacts to thp 
.surrounding communities. However, dredging would potentiaUv 
cause resuspension of the contaminated sediments result^ 
fe'er T=So0cnia°tida C°"taminant PlUme' Dry •"•'•"on "h.™ 
minimal disturbance^6 area^'W^any9 

extent of^^d^ment^emoval?16 thS "eal 3"d 

would be disposed in a" nonhazardoJ effete !andmi Pr°?his 
alternative would achieve the cancer target risk level inl 

fhe~L"apS 

lakei'^If^o0^9"^91'1''"^16 ̂ ^'^hr^^di^ft^ibuM^n^pa "terras'"!!! thl 
health H«k {e<5istribution occurs causing a publi? 

'• additional remedial actions may be reoSired 
1® environmental impacts include disturbing the lake and 

adjacent areas during construction, and impacts from truCk 

Alternative 2B is the same as Alternative 2A extent that the 
biilt SspecT£icSariyUl?o?e /^P0863 o£ in a nonhaxardous landfill 

s p e c i r  i c a l l y  f o r  t h i s  p u r p o s e .  T h e  l a n d f i l l  t m n i r i  u  
to^lnr^moMlUy ViaUlm "V"' SUe' The reductions in 

-"JS sediments 

I^ur^^afH^1 £ require° long-termremaintenanceCtto 

long-term monitoring of 

a!de2Batiil«=fA the Same sediment removal activity as 2A 
extracted from'th! «? ^r"9 f,iXated' hOWever' the "senic wou be 
disposefof In of f -TentS'u The ex^racted sediments would be 
woul! be treated wfth a ,l0"ha1"rdou8 *andf i" • The extractant 

treated with a fairly complicated system to remove 
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^tniC • pri°v5 t0 itS dischar9e into the lake. The sludqe 
?n « prVl9 - ®i-eXtraCted arsenic would ^ transported off-sUe 
to a RCRA treatment and disposal facility by a licensed vendor 
oJ1Srna;'ernatlfve .also reduces the toxicity, mobility, and volume 
healthTisT ai\" th6,.lake that wer* identified as a public 
health risk. Alternative 3A also reduces the toxicitv 5 
Lono ° th! c.ontaminants overall, but not their volume 
Long-term monitoring would be required to measure 
effectiveness of this alternative. if sediment redistrfbuHnn 
bfrequUeaa PUbllC heaUh tlSk' additional remedial actions may 

«a?™na^iVe 3BJ.is the same as 3A except that the extracted 

d„ouPl0dedhe0flLnatend VMr landfi" 

requiretL̂ T̂his â -a3̂  a"d h ladd —. ûld̂ e 

ISaitioMl m10bilitty- and'Vevo!LeeVeoSf "cont'amTnantf^as0" 3a" 
Additional long-term maintenance and monitorina wrmiH k0 
requrred to insure the landfill's integrity 9 b® 

that1 "theVStreated ""sediment^ t'ev^T 

respectively^9 These^d' °E ̂  laf? 01 °n the ViChem 

treated sediments fed'^ffiic^Von'°ThX 

demonstrated a°s hUman '?ealth. and the environment mu16 be 
auXative ?h««.lnim1l '?•" to implementation of thl 
alternative. These alternatives would achievp tho 

Alternativen SA^^ln' ™bility' and yolume of contaminants as 

asUthnatiVd fC W°Uld ^moVe- c°st-ef<fectiveTha^ AltLna'tive^lD' 
of the lake in the hedged/excavated areas 

.s Si'-s. 
sag' 
to ensure that the ^nd V^ W require long-term monitoring 

« Xfd iXfs°X̂ ? 

through Contact «"? th^diUnt"™1 """ beC°me «""a"i"t«l 

discount "rate*^ for th.36",1,. th® P.resent "°rth costs assuming a 5% 

atf F "he3 ftth%la" at dE= 

het sensit tv^to tttf fVteift^^li^coinit "rates"6**^611*'' ̂  

O  
tO 
to 
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TABLE E-L 

SUMMARY OF COST ANALYSIS (1989 DOLLARS) 
(DREDGING CASE) 

CAPITAL COST ANNUAL O&M 
ALT 

1 

DIRECT 

$35,000 

INDIRECT 

$9,450 

TOTAL 

$44,450 

LONG TERM 

$49,455 

SHORT TERM 
PRESENT 
WORTH 

$874,245 

2A $27,237,097 $7,354,016 $34,591,114 $13,020 $20,562,475 $71,246,971 

2B $10,820,246 $2,921,466 $13,741,713 $89,530 $20,562,475 $51,413,566 

3A $20,268,107 $5,472,389 $25,740,496 $13,020 $1,832,012 $29,227,193 

3B $12,611,824 $3,405,192 $16,017,016 $60,398 $1,832,012 $20,132,854 

3C $8,870,451 $2,395,022 $11,265,473 $13,020 $1,832,012 $14,752,170 

3D $11,610,914 $3,134,947 $14,745,861 $13,020 $1,832,012 $18,232,558 

5 $2,476,276 $668,594 $3,144,870 $13,020 $3,368,883 
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TABLE E-2 

SUMMARY OF COST ANALYSIS (1989 DOLLARS) 
(EXCAVATION CASE) 

CAPITAL COST ANNU AL O&M 
ALT 

2A 

DIRECT 

$25,446,160 

INDIRECT 

$6,870,463 

TOTAL 

$32,316,623 

LONG TERM 

$13,020 

SHORT TERM 

$20,487,428 

PRESENT 
WORTH 

$68,839,581 

2B $9,029,350 $2,437,925 $11,467,275 $89,530 $20,487,428 $49,006,227 

3A $18,876,051 $5,096,534 $23,972,585 $13,020 $1,808,043 $27,416,835 

3B $11,219,788 $3,029,343 $14,249,130 $60,397 $1,808,043 $18,322,520 

3C $7,478,424 $2,019,174 $9,497,598 $13,020 $1,808,043 $12,941,849 

3D $10,218,882 $2,759,098 $12,977,980 $13,020 $1,808,043 $16,422,231 

5 $1,713,651 $462,686 $2,176,336 $13,020 $2,400,349 
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1.0 INTRQDIICT T OH 

I!lfh«rf»«,qEnwKr0nnienJ:al .Protection Agency (DSEPA) on May 9, 1986 
authorized Ebasco Services Incorporated (Ebasco) to conduct a 
Remedial Investigation/Feasibility Study (RI/FS) on the Vineland 
ThI RI/FS1^wTsanLrf«lChHm)- plant Site in vineland' New Jersey. 
15 A TOO m performed in response to Work Assignment Number 
37-2LB8 under Contract Number 68-01-7250. Preparation of this 
report was accomplished pursuant to the approved Work Plan for 
OctobVerC.h»8?!ant SUe dated NOVOTb" amended Tn 

Plant site3"13 h®V® bt®n prepared for the ViChem 
piant site. The reports, the areas they cover, and the dates of 
submission to USEPA are presented in Table 1-1. 

The study area is approximately 38 miles long: 11 miles of 
oianH^6 envir°nm®nt (including two miles upstream of the 
plant), 2 miles of lacustrine environment; and 25 miles of 
estuarin® environment. This report addresses the Union Lake 
& and l 7 a l0„cati°" «>e study acea is shown in FigS«s 
Section 1.2? description of the site is presented in 

1.1 PURPOSE AND ORGANIZATION OF THE REPORT 

The objective of the Union Lake FS was to develop and screen 
feasible remedial alternatives to remediate environmental 
contamination found in Union Lake. The most promising 
alternatives were evaluated against a range of factors and 
compared against one another. This evaluation would provideS 

fcch® HS/PA to select the best remedial alternative for 
site. Specifically, the FS objectives were threefold: 

° iSSi"7 t feasible remedial technologies for containment, removal or treatment of arsenic-

contaminated sediments; c 

° assf?ble the feasible technologies into 
remedial alternatives for detailed analysis; and 

0 or™?die.ha°S COn,?are the remedial alternatives to 
provide the basis for the USEPA's selection of the best 
remedial alternative. 

Subpart F of the NCP (40 CFR 300.61-300.71) sets forth the FS 
process by which remedial alternatives were assembled, evaluated 
«2 cietedCt„end.r V? tKt?" that "ere consider!™in the^ process 
are cited under the requirements of Section 105. 

This FS was prepared utilizing the data and information 
A?eas%ini(°EbaLsckoe »"•> • I"f°™aUon fJom STSJS 

(Ebasco, 1989c) and the Plant Site RI (Ebasco, 1989a) 
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TABLE 1-1 

RI ANP FS REPORTS PREPARFP FQR THE VINFLAND CHFHTfAt COHPANY SITE 

TITLE 

Plant Site RI 

River Areas RI 

Union Lake RI1 

Plant Site FS 

River Areas FS^ 

Union Lake FS 

AREAS 

ViCheat Plant Site 

Blackwater Branch, Maurice 
River between Blackwater 
Branch and Union Lake, 
Maurice River below Union 
Lake to Delaware Bay 

Union Lake 

ViCheat Plant Site 

Blackwater Branch, 
Maurice River between 
Blackwater Branch and 
Union Lake 

Union Lake 

MEDIA 
INVESTIGATED DRAFT 

Soil, Groundwater 7/19/88 

Sediment, Surface Water, 9/8/88 
Biota 

Sediment, Surface Water, 6/21/88 
Biota 

Soi1, Groundwater 9/20/88 

Sediment 10/S/88 

Sediment 1/18/89 

REVISED 
DRAFT 

3/10/89 

2/17/89 

4/28/89 

3/10/89 

4/27/89 

4/14/89 

FINAL 
DRAFT 

6/23/89 

6/23/89 

6/23/69 

6/23/89 

6/23/89 

6/23/89 

' K2\??,ir?™r,U"S"rsd,rsip:t' ,58'- f,r" **"n «• 21,„ ,„toriK>ral„d 

2 ft. FS Rnport I, being prn̂ mg for th. K™ric. «i„r Mg. Union uto. Soiling in tM, nr., eonfirmtionn, 
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was also considered, as these reports detail the environmental 
contamination observed upstream of Union Lake. Ultimately, 
remedial measures at the Union Lake site must consider not only 

/ lak® itself' but also the migration of 
contamination stemming from upstream sources. 

This report is comprised of four sections and three appendices. 
The report was prepared following the USEPA's Draft Guidance for 

SS }5sE?re?98%,)InVeSti9atl°nS FeaSlblUtir Stuaies 

The Introduction, Section 1.0, provides background information 
regarding the site location, geology and hydrogeology, site 
contamination, history and regulatory actions. The nature and 
extent of the contamination, as identified in the Rl, are also 
summarized in this section. 

Section 2.0 presents the feasible technologies with which to 
?®et .tbe general response actions, the technical criteria and 
the site-specific requirements that were used in the technology 
selection process, and the results of the remedial technology 
screening, A summary of the objectives for remedial action(s) 
is also presented, along with a summary of applicable 
environmental criteria and standards. 

Section 3.0 presents the remedial alternatives developed by 
combining the technologies that passed the screening in Section 
2.0. Alternatives were developed in the three general cate-

r®quir®d the Superfund Amendments Reauthorization Act 
(SARA): No Action, containment and treatment. The process for 
screening the remedial alternatives is also described. A des
cription of the environmental and public health impacts and the 
estimated costs for each alternative are presented. The most 

alternatives to be taken into detailed evaluation in 
each of the three categories are identified. 

Section 4.0 presents the detailed evaluations of the most 
promising alternatives developed in Section 3.0. This section 
presents the detailed descriptions of the cost and non-cost 
in Section 3®^ ThHedial, al.ternative that passed the screening 
in Section 3.0. The analysis of each alternative against nine 
assessment criteria is presented. Finally, this section 
In«Se"eS tenledial alternatives and compares them toone 

AH of the references and previous studies cited in this report 
a s  w e l l  a s  t h e  o t h e r  d o c u m e n t s  u s e d  t o  c o n d u c t  t h e  F S  ' « i  
listed in the References Section at the end of this report-

The report contains three appendices: 

o Appendix A, Major Facilities and Construction Com
ponents, presents the construction components and 
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associated quantities for the remedial alternatives in 
Section 4.0; 

o Appendix B, Capital and Operation and Maintenance (O&M) 
Cost Estimates for Remedial Activities that Involve 

Presents material and installation costs 
yielding direct and total construction costs for the 
dredging cases of the remedial alternatives presented 
in Section 4.0 and presents the O&M costs for the 
alternatives as required; 

o Appendix C, Capital and Operation and Maintenance (O&M) 
Cost Estimates for Remedial Activities that Involve 
Excavation, presents material and installation costs 
yielding direct and total construction costs for the 
excavation cases of the remedial alternatives presented 
in Section 4.0 and presents the O&M costs for the 
alternatives as required; and 

o Appendix D, Statistical Analyses of Sediment Arsenic 
Data, presents a discussion of the statistical methods 
used to estimate the quantity of contaminated sediment 
to be treated at the Union Lake site. 

1.2 BACKGROUND INFORMATION 

1-2.1 Site Description 

Jchem!cal Company plant site is located in a 
esidemtial/mdustrial area in the northwest corner of the City 

-nt uin .Cumb.erland County, New Jersey. The plant location is shown in Figure 1-3. F 

The plant is bordered on the north by Wheat Road and the 
Blackwater Branch, a tributary to the Maurice River. 
Residential areas border the plant to the east and south. 

ViChera has produced organic herbicides and fungicides at this 
location since 1949. ViChem currently produces two maior 

chemicals, disodium methanearsonate and monosodium 
methanearsenate. Table 1-2 lists chemicals used, manufactured 
or known to be stored at the ViChem plant site. manu«ctured, 

The ViChem plant site is shown in Figure 1-4. The Dlant 
consists of several manufacturing and storage buildings a 
Dlantatn?' 3 w?r*er chan9e facility, a wastewater treatment 
plant and several lagoons. The manufacturing and parking areas 
X ^ S™ paved' T1» lagoon area ia "npa?ed and 
is devoid of vegetation. This area is characterized by loose 

00rU/nruJhe re,Mindet 0f the Site covered by^ trees? 
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TABLE 1-2 

CHBOtaLS USED, MANUFACTURED OR STORED AT VINELAND ruRMTTAL PLANT 

INORGANIC METALS AND SALTS FLOCCULANTS 

Arsenic 
Mercury 

Mercury (I) chloride Trftn 
Cadmium in 

Cadmium chloricte 

METAL ORGANIC ARSENIC CCMPOONDS 

Disodium methanearsonate 
Dodecyl and octylammonium me thanearsonate 
Monosodium acid methanearsonate 
Calcium acid methanearsonate 
Dimethylarsonic acid (Caoodylic acid) 

ORGANIC MERCORT COMPOUNDS 

Phenyl mercury dimethyldithiocarbamate 
Phenyl mercuric acetate 

HERBICIDES 

Sodium 2,4-dichlorophenoxy acetate (2,4D) 
2-4-dichlorophenoxy acetic acid 
2- (4-ch loro-2-aethylphenoxy) propanoic acid (MZPP) 

bis (dimethylthiocarbonyl )disulfide (thiram) 

1,4-bis (bromoaoetoxy) -2-butene 
2,3-dibromoprcp.onaldehyde 

Alkyl arylpolyether alcohol 

SOLVENTS AND GBIERAL ORGANIC CHEMICALS 

Benzyl alcohol 
Xylene 
2,3 Benzofuran 

Methanol 
Epichlorolydrin 
Acrolein 
Isopropyl alcohol 

9483b 

Methyl chloride 
Methylene chloride 
Trichloroethane 
Trichloroethylene 

Tetrachloroethylene 
Bromochloromethane 

1-9 

Methylene-bis-thiocymate 
Hydrobromic acid 

Tetrabutyl ammonium bromide 
Bromo acetic acid 
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TABLE 1-2 (Cont'd) 

CHEMICALS PSED, MANUFACTURED OR STORED AT VINELAMn rHPMTr&T. praxim 

Glycerine 
Triton x-100 
Formaldehyde „ 
Butanediol Gasoline 

Kerosene 

POSSIBLE CHEMICALS FRCM MANQFACTORING 

Phenol 
Chlorophenols 
Chloroaoetic acid 
Chlorides 
Arsenic trioxide 
Arsenic pentoxide 
Methyl chloride 
Methanol 
Sodium hydroxide 
Calcium oxides, chlorides, sulfates 
Mercury oxides 
Cadmium salts 

Compiled from 1) Miller P., I»JDEP Memo, vineland chemical Ground water 
Pollution Probiem, May 24, 1985 
SiSiI M*' Pesticide Manufacturing and Toxic Materials control 
Encyclopedia, novss nat-a rr>rp f t>ar^- (igpQ) 
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I^e-^Site iS sit"ated.in a residential/industrial area. Twelve 
a? Sh°Kn in,Figure 1"4 in tl>e immediate vicinity of 

the plant. A number of other residences are located close to 
shown °n Vi|ire9l!?e"t' 0rchard- 0ak- and «i" Roads, as 

wesrtteofMthneUf«̂ .̂„£aCility is l0cated immediately north 
ana west of the ViChem lagoon area. Martex reportedly oroduces 
the ma^e9-mf iS' althou9h little information is available on 
the materials used or manufactured at this site. avaiAa^e on 

The Blackwater Branch is immediately north of the ViChem nlanh 
^%<aVhOWn ̂  Fi9ure ̂  Thia stream flows east to wes^ 
and discharges into the Maurice River approximately l 5 river 
in^Figu?enit7eathin°flehe plant'. The ***** Maurice Rive'r, shown 
intoUnionLake« approximately 7 river miles downstream 
into union Lake, which is approximately 2 miles lona The 
Maurice River then flows approximately 25 river miles downstream 
from the lake into the Delaware Bay, as shewn in FigureTa 

Some time between April 1985 and June 1986, beavers constructed 
Mi 11 "Road h ̂ dB ^Kter Branch just downstream from the North 
Mill Road bridge. The dam flooded the Blackwater Branrh *-o 
£££ naiV87MttoentalfOMnf iD Fi9U" l"4 ĥe dara was rerooved in 
October 1987 to allow for construction of a new bridae The 

flooded areas ̂ ave n0r",al •" 

i-™- system"1 has 7̂  ĉ 'Ĵ p̂ t ̂  
gallons per minute (gpm), or 36,000 gallons DM 2 /L 

treat^between"2"000 oT.rZllT^r "ToTofJi 

n.iirsr^zsi water 
coolina°nSfWera mt?e t0 collect up to 60,000 gpd of non-contact 
aSS nS^-d8 fh in event that a mechanical breakdown occurred 
process water? n°n-COntact coolin9 water with the contaminated 

The wastewater treatment system consists of mix tanks a 

addSd°to tiSe'lrrŝ nar̂ Yanr̂ auatic6̂  

S - sa.? jets MsrS 3~5sl 
large par^leTle" I'e^to"^/ S 

1. Jhe reactor effluent is polished by a testis™ 
filter before discharge. The slurry in the rubber-lined tank is 
pumped into a vacuum filter and the dry solids are deposited in 
a dumpster for off-site disposal. Any liquid not mletirortis-
charge requirements is reportedly recirculated for treatment. 

9483b 1-12 



LEGEND: 

© BLOCK NUMBER 

• SOIL SAMPLING LOCATIONS 

R RESIDENCES 

O L0T number 
M «« m 

SCALE IN FEET 

4  ̂
NORTH 

us. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 1-€ 
RESIDENTIAL SOIL SAMPLING 

LOCATIONS AND 
WATER SUPPLY ALONG N. MILL ROAD 

EBASCO SERVICES INCORPORATED 

< 
H 
a 

o 
o 
to 

o 
N5 
4* 
NJ 



W O  200 NIA 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 1-6 
BLACKWATER BRANCH 

EBASCO SERVICES INCORPORATED 



*0*1. 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 1-7 

MAURICE RIVER NORTH OF UNION LAKE ® to 

EBASCO SERVICES INCORPORATED ^  •(* 





Some of the lagoons shown in Figure 1-4 are used in the waste
water treatment system. Lagoon LL-1 is a lined laaoon with 
490,000-gallon capacity. This lagoon was dltignld to hoid 
treatmentatSwaf^r0Un^WKtei 8nd St0rm water as necessary prior to 
treatment. Water can be jumped from this lagoon to the plant at 
cretePn,baSea900^LL"2 iS alS-° a llned la°°°" but it has' a co" 

• ? 1 was previously used to store the arsenic 
contaminated waste salt 1 031 produced as a byproduct off thS 
troai f manufacturing process, and later was used to hold the 
treatment plant sludge prior to disposal, it now holds water to 
be recirculated for retieatment. Lagoon UL-A is an unlined 
lagoon. This lagoon receives the non-contact cooling water and 
the treated discharge from the treatment plant Because tht 
ia™ soils are sandy and this lagoon is unlined, inflow into the 
lagoon rapidly infiltrates the groundwater. 

The remaining lagoons sham in Figure 1-4, UL-B ITL-P anr> TTT n 
are all unlined and are mot currLtly used in th^ Sate? trea?' 

Photographs show tha^a?? o^thriagSSS^SSre'ffiuX wiJ^iiquiS? 

The two lined lagoons, LL-1 and LL-2, are regulated by RCRA 
I* V treatme?lt flant and the unlined lagoon, UL-A are 

regulated under the NJPDES program. other active solid waste 
management units at the plant site include the traners/?otJ 

!° store K 031 waste salts and treatment plant sludae 
septic system and leachfield, and the soil beneath the floors of 

Paction buildings where past operating procedure 
maSaoomf ? produced spillage. Inactive/abandoned solid waste 
management units are basically areas where waste sal?* 
improperly stored in the past, including the waste salt niie* 
s udge piles, chicken coops, and outdoor drum storage areas. 

The treatment plant was designed to produce an effluent with an 
arsemc concentration of 0.05 milligrams per liter (ma/J 
ThS?Iforelnitial-H -had difficulties achieving this lSvel" 
Therefore, an interim standard of 0.7 mg/1 was aareed tn anH 
ordered by NJDEP in December ?> iom r.ivv. Zv agr®ed to and 
that the n n«; «/, , scanner 22, 1981, with the understanding 
tnat the 0.05 mg/1 level would eventually be met Result* fmm 

~ 

process Tate'/ '"peooU Jf Veats eith« groundwater or _ 
f acturina the * h. S?*ly-' a11 of the water used in manu- 3 

^ a • herbicides is consumed by the process and is a 
included es inherent moisture in the product. P?i?h|m cessel 
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pumping and treating groundwater in July 1987 with the 
: „ °r °£ £he the Wp anowed nchem to 

K I-Kanda. treatin9 the groundwater was the NJDEP-s 
So™ ? ?• treatment plant effluent, whatever its arsenic 
Sr^n£T1<>n' WOUlt? Cause a groundwater mound, driving eSItiM 
fater contamination deeper into the groundwater a^d 

promoting off-site migration. The wastewater treatment plant 
now reportedly treats only storm water runoff intermittently^ 

Th?n-7hifrbici2e manufacturing process produces approximately 
1,107 tons of waste by-product salts each year. These SasteJ 

USEpA hazardous waste number of K 031 and are neither 
atf no,rK disposed of at the site, and are not stored Sn-^ite 

or more than 90 days. The salts are transported by licensed 
disposal. t0 llC6nSed facilities ^ Ohio Pand MicWa^f o? 

1 • 2 . 2 Site History 

fungicides^a"t tMs^pJaSt̂ in 
andbused68 Vhthe • company also produced cadmium-based" herbicides 
and used other inorganics such as lead and mercury Table l ? 
?K8^n,ip1 t̂si°t'eCh6,"i"1S manufactured or ^eYKl 

As early as 1966, the NJDEP observed ViChem discharaina un-
?67amo/i\Wa-StfWatJlrS Wibh unacceptable arsenic concentrations 
(67 mg/1) into the unlined lagoons. An unknown quantity £? 

S " F e b r u a ' r v l 1 7 t h e  g r o u n d w a t e r  f r o m "  t S ^ a V i n S ?  
V I VlChem was ordered to install and provide 

waftliateJ treatment tre®tme"t and/or disposal facilities. The 
March 1980. atment works did not become operational until 

on!afteSalln8 uncoVrSned' 
chicken'coops^on^he' K and  ̂abandoned cnicxen coops on the plant property. The stnrano of 7 
Pi es was observed in April J70 Yand In the loops fn'lprU 
i. ' was no,^ until 1978 and many court orders that the 
nnltl W6/e containerized and removed. These salts reported 
contained one to two nerrpnf , • „ /n™. v reporreaiy 

and carried an unknown quantity of arsenic into the groundwateJ 

Between 1975 and 1976, ViChem was fixating the waste salt* for 

wasted includTna Vho voluntarily stopped accepting all chemical 
the nnfro^i? 94. 1fl*«ted salts. ViChem then resumed pilinq 
the untreated waste salts on the soil surface at the plant site 

9483b 1-18 



A court order issued on January 26, 1977, required ViChem to 
and th2eri?e th^Wa„Ste S®ltS frora the chicken coops and piles, 
and then store the drums in a warehouse off-site. In June 1979 
another order was issued for the disposal of the stored SrumliA 

Removal and D"POSAL of these drums WM 
not completed until June 30, 1982. 

Currently the waste salts and the sludge from the wastewater 
binr̂ Thê tô h"® St°r?.1i1n lar9e-capacity trailers and tote 
bins. The tote bins are filled at the point of generation in 
the manufacturing buildings, and then emptied into the 
trailers The NJDEP believes that releases a?e unlikel? from 

em" salts and sludge are transported to licensed 
« ii 8 m®ntl.oned above. During peak production, as manv 

ur or five trailers are filled and removed per week. 

Aerial photographs provided by the USEPA's Environmental Phnfn 
graphic Information Center (EPIC) and conversation Sith Vich™ 
employees indicated several possible locations of past contlmin^ 

pn Jhl ̂  

1979, CbothS coopsOIwere 

into the groundwater. This area is now devoid of vegetation 
material and^cfr0 S?°W raany other. locations containing mounded 
material and/or drums. These include the laaoon aroa 
locations along the plant road. The waste salts wete reputedly 
mounded so high at times beyond Lagoon LL-2 that the salts 
spilled over onto the soil in the lagoon. tS 

hP*nSifiu®9ed that.the floors of the manufacturing plant have 
been leaking arsenic compounds into the underlying sands for 

ori9inai 'he buildings w"e b?Lk and «l°l 
allegedly in need of repairs several years ago. Alleoedlv when 

°ld hricks were removed, the Soil contained crmmS 
wastes from previous spills. It is not known whether the soils 
Phaseril°lntestiaaf1?e *1*°™ "®re r®Placed' although in Ebasco's 

and5 \£ ^00^1^°"(^'^ti'o'n To° VTt£ 

«' a- - 9oohde 

b? thiPMOTEpt0viChSSri!Si-?J Â inistrative Consent Orders issued 
oy ine njdep, ViChem instituted some cleanup actions and mnflifiofl 
Hi Ruction process. The cleanup action.^ included stepping 
^ ̂UrffCe -SOlls in the manufacturing area, piling thise 
in the clearing bv well clnsher i?w is •»«,* • Vi. tnese soils <• 
inn area. cluster EW-15, and paving the manufactur- N 
9 area' installing a storm water runoff collection svshem. 21 

PuITani treat i£ystem, "̂ ^̂ /raairat̂ r1 tlê t̂ ll̂  ̂§ 
N) 

O 
to 
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water-system 'where"6 mK̂ 'oT Ptocelf wlte'r̂ nd '"nonco? ! 

ê'̂ L̂Treâ t̂ systirTtLT and £Va'00na" ̂  
disposin, of the waste salts * * LL"2>' and 

The evidence described sbovs suooipcfoh fuat 
andethatattheinati0nfl p^oblem existed at the ViChem^plInt^ite^ 

degrading the downstTeam" w^ter^allt^9 This° Si/Is ̂as9"13 d®"* 

remedial "? "tent to^Tutle 
alternatives for rehabilitating the groundwater soil 

downstream sediments and surface waters. 9™unawater, soil, 

1-2.3 Permit 

X.t"?rr li 19,8-5, ,the USEpA informed ViChem that its interim 
matter l lined RCRA impoundments was terminated as a 
matter of law on November 8, 1985 because of failure „as a 

Sa —2™y -m? 3r&HK 
care- (h) f.nrf""? req"it?ments for closure and poet?cl«ure 

SUpi?£„aC l̂ly °b^ ̂  
?£SifE£. Vppl̂ TtT f̂ iM̂ ISe  ̂
to cease placing hazardous waste into the two lined lagoons"5' "** 

RCRAene™fritte?- aPPlications for RCRA and NJPDES permits The 

i?li£=55ss~s 

sT£HS>£;™>''«•*' ,s?si'J? .rs.:.s 

dieperlll»tra?ienta%itf̂ rê  f?StBr 

0r05mg/l "oflrŝ nfo ""mi* tiSh""4, ̂  dlSCh"̂  criterion of 
permit application wire inadequat?̂ cf̂ ffê 'nô clo's tHe 

r>^^1^aia^hi:strat1iveabasis^foradeniafl^saffe 
failure to submit a complete hazardous u«.i.a « •i.V . 

z 
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o 
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1.2.4 Previous Tnvesfci pat-inn* 

theC NJDEp8 Of?icnê r Sciencê and Research"ir)S thê M ̂ ̂  °rp £°r 

coJaSSU 8na "• the ViChern plant site- ViChem itslif'hts alw 
plant? S°me lnvestlgati°ns the groundwater plume at the 

?n Vat y"" 19_79 t0 1980< the HJDEP initiated a sampling program 
the site ita rL H"CI,I, ""i the Maurice River downstream from 
tratinnf'<n fh I • showed that the sediment arsenic concen-
trations in the Maurice River were the highest seen anywhere 

n w ® of New Jersey- The study showed that the 
M?n • i?®"' the subn,erged dam in Union Lake, the lower 
mam dam in Union Lake, and the tidal creeks of the Mau?ice 

sediments Elevated Lak® contained arsenic-contaminated 
mini? !! * EJevat®d arsenic concentrations were found in sedi
ments as fax from the site as the Delaware Bay, approximately 36 
river miles downstream from the site. Also, the amenic conSen-
but did SUhfIE® water decreased downstream from the site 
but did not reach the Federal Primary Drinking Water Standard 
for arsenic, 0.05 mg/1 or 50 ug/1, until 26 5 rivpr -i , 
stream from the ViChem plant site. ®r mleS d°wn-

site9Î fhiCdirô ?I!IttniSSi0!i!!d ® surface geophysical survey of the site at the direction of the NJDEP. The survey noted that- aroac 

of P50bable contamination were the lagoon area, the area north 
° g e ®  a g ° I ? n s  t 0 -  t h » - B l a c k w a t e r  B r a n c h ,  t h e  f o r m e r  o u t d o o r  s t o r -
ge area shown in Figure 1-4, and areas along the plant road 
between the former outdoor storage area and the lagoons The 
was°shallow ^ prol?able groundwater contamination 
wells recommended locations for installing extraction 

In 1979, NJDEP sampled soils in the ViChem plant site area 
Samples were taken at the surface and at depth. The studv 
showed arsenic concentrations ranging from undetected to 
864 mg/l at various locations in the plant site area 

Plant8areahe The**s^d^0?®^•%-SU/£*Ce geophysical survey of the 
piant area. The study identified two areas of probable arnnnd 
B1 ackwate" ̂ rarfch °and °th n°5thwest of the lagoons toward the 
ama The *t-,?d« ?• ? °thfr near the former outdoor storage 
thl contMinin? Ki * th® Probable maximum depth of cne contaminant plume was approximately 40 feet. 

p?ant8s2iteViChlTtMfiS.?,j,?nea a ?roundwater investigation of the 
I 1 i 1S study» Previous investigations were reviewed 

LsS V0 r®r°J® a-rsenic from the contaminated aquifer was 
proposed. This study included several sets of water ouJliti 

tlons atPViChenT we 11 y®arS °f raonthly arsenic concentra- < 
zi0 t'Lr.UTn 3 
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arS®mc concentration in the groundwater between 1978 and 
1981. The study also presented monthly levels of arsenic in the 
Blackwater Branch at North Mill Road, and in the Maurice River 
load Jt D61J' The Stud^ P°stul«ted that the arsenic 
l lrt °a?uwas very sxnular to the arsenic load at 

J?' implyi.ng *hat the riYer system was, essentially, a 
conduit far arsenic transport into Union Lake. The study 

3proce,sse.s for arsenic cleanup at the site and recom
mended a groundwater pump and treat program along with controlled 
son leaca&ng. 

In 1982, en employee of ViChem was diagnosed as having subacute 
arsenic poisoning. The New Jersey Department of Health Sen 
conducted a "Cross-Sectional Evaluation of Arsenic Exposure and 

irt the yxneland Chemical Company." The study revealed 
that employees had elevated arsenic concentrations in their hair 
and urine, but only exhibited minor symptoms associated with 

dUSt °n the skin and mucous membranes. As a 
result of this survey, the arsenic-handling practices in the 
production facility were improved. 

T"0 ^ufies were conducted by the NJDEP and Rutgers University 
Lake i«m Union Lake. The studies showed that Union 
ake is chemically stratified during the summer. This strati

fication creates seasonal anaerobic conditions in the bottom 
sediments, which are conducive to the formation of toxic arseni-

compounds from the contaminated sediments (NJDEP, 1986) 
The Rutgers University work included sampling and analysis of 
II / T T T ?  lmen^8' 3S Wel1 as sPeciation of arsenic [trivalent-
*8 i Pentavalent-As (V), monomethyl arsenic acid (MMAA) and 
£ arSfniC aCld lDMAA)(Faust' 1983>J- This study concluded 
J JJ* ̂ .®rsi bottom sediments were highly contaminated 

with substantial quantities of arsenic, and that total arsenic 
usEP^d1!?1!?"8 in i?11 lakS Water samPles exceeded the NJDEP and 
nrrtf? «f ? J?9 -wa standard of 50 ug/l. m sediments, the 
order of predominance of the four arsenic species (in descendina 

A- (V>'.As <IXI>' MMAA, DMAA. in four of the 
IlS-IT • xnor9anxc arsenate was between 73% and 88% of the 
wtl ILiWaterV the order of Predominance 
effoS^VJ^wiSi « t (V), DMAA. The results of the resampling 
SftMn\L i i I sea?onal Pattern of arsenic concentrations 
durina tSl IfiSLI'th? greatest concentrations occurring 
during the summer. Additional NJDEP sediment sampling near the 
spillway area of Union Lake in April 1986 again showld Irsenic 
contamination within the sediments and showed that contamination 
within the sediments was a surficial phenomenon. concaraxnation 

In a 1983 to 1985 study by Rutgers University (Winka, 1985) it 
Shld1 °Z \Z%nlC may. exist in many In'ttaUt." 

1 tha.t .these species may be transformed by changes in 
physical condition and season. Results indicated that within 
2 til ?LC? H™' ^he inor9ai?ic arsenic species may be one half 

the total arsenic. Arsenic was not easily solubilized under 

9483b 
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SS^n00^1"011-^. ThS f.0J^erri raised by these findings is 
rif! JK anaerobic condition develops on the bottom of Union 
As Vim6 an??10/??Uid be readlly converted into the more toxic 
roiia i 1 forms. The more toxic forms could then be 
released to the water column upon seasonal turnover of the 

i;yers- However, as these compounds are relatively 
y afe .exPectefl fco precipitate back to the lake 

bottom within a relatively short period of time. 

Jho 1lh2a'nVlChem •<i0mmissioned a PumPing test to be performed on 
test 6SH™\T1 v unde^lying the lagoon area. The pumping 
test estimated a transmissivity in the shallow aquifer of 
approximately 50,000 gpd/ft, and a storage coefficient of between 0.1 and 0.04. vwiutieni or 

to thf'NJDEP̂  Jhô nnf"̂ ® Permi1t aPPlicafcion was submitted 
ro cne NJDEP. The application included a description of thp 
wastewater and groundwater handling, and a description of the 
wastewater treatment process and facility design. The applicaf 

data 0n the Production rates at the plant and 
21 °fn the v.WaSt6S aerated. Arsenic concentrations ?n 
the Blackwater Branch through time were also presented. 

JvL1^86' VlChem commissioned a pumping test to be performed in 
the deeper groundwater below the site. The plant's production 
as ih0SCree"ed fr?T 130 to 165 feet below theP ground,P was JseS 
JvL2 Pumping well and a deep monitoring well was installed in 
the lagoon area. The pumping test was conducted for 24 hours 
with water levels measured in the deep monitoring well and 
several shallow monitoring wells near the discharge in the 
lagoon area. The report concluded that the "clay layer " 
£h?2h M! en^ou"^ered from 120 to 135 feet below the ground and 
lattr tb® productl°n wel1 is screened below, acts as a confining 
layer and prevents downward migration from the overlvinn 

thH~e'reEb„rC0'S Tlew 0f thiS tê V data 

layer" during thf pumpTng tea"'1""' Uaka9e a"°SS this 

The USEPA's Environmental Photographic Information Center fEPTO 

produced a report in March 1988 on the ViChem plant siL S 

Dian^ siPf-reSen^S an aerial Photographic analysis of the ViChem 

Sas taken In znP presented 

1987. A total of 11 photographs were presented i/the^repSrt"*'" 

oth ^ anal is Qf th photographs shows areas 
BLckwa^ V0" ,DaKma9e" • and "Vegetation S?ress" a?ong the 
Hnno nf Branch beginning with a September 1979 photograph 
and all of ?£iQr, photop*aPhs show vegetation damage or streSs,' 
and/or strlss Photographs show some vegetation damage 
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Some of the damaged areas are in the portion of the Blackwater 
Branch, which was inundated with water from the beaver dam. 
However, the beaver dam was not constructed until some time 
after April 1985, much later than the first indication of 
vegetation damage/stress. A topographic base map for the site 
that was flown in April 1985 shows the Blackwater Branch flowing 
lu lts Z101®®1 channel at that time. It should be pointed out 
that the damaged/stressed areas are coincident with the 
contaminated groundwater plume coming off the ViChem plant site. 

In 1988, the USEPA's Environmental Response Branch prepared a 
bioassessment on the Blackwater Branch and the upper Maurice 
River. The report concluded that there was an adverse impact to 
Zu ,f-nJlhlC in the Blackwater Branch downstream from 
the ViCheni plant site. The impact takes the form of lower 
species diversity and a toxic response in bioassay tests done 
Wltb ,\he sediments. The impact lessens in the Maurice River 
probably resulting from dilution. 

t0 th1 above studies, Ebasco, under contract with 
the USEPA, prepared RI reports for three portions of the ViChem 
plant site: the ViChem plant area (Ebasco, 1989a), the River 
Areas north of Union Lake (Ebasco, 1989c) and Union Lake 
(Ebasco, 1989e). Pertinent findings from these RI reports are 
as follows: 

o There is a heavily contaminated arsenic plume in the 
shallow groundwater underneath the site within an 
aquifer termed the upper sand in the plant RI report. 
No arsenic contamination was seen below the base of the 
upper sand, ranging from 40 to 70 feet below the ground 
surface. A unit termed the banded zone, which contains 
clay laminae, was found at the base of the upper sand 
and apparently prevents the downward migration of 
arsenic. 

° 9roundwater in the upper sand discharges into the 
Blackwater Branch and, thus, provides the arsenic flux 
into this stream and the Maurice River. 

o The arsenic flux in the groundwater was estimated at 6 
metric tons per year in 1987. it was estimated that a 
total of approximately 500 metric tons of arsenic has 
been transported off the site through time. 

o The Blackwater Branch floodplain is contaminated with 
substantial quantities of arsenic. This area was prev
iously inundated with floodwaters from the beaver dam. 
The dam was breached and. the area is now exposed. The 
exposed floodplain sediments contain very high arsenic 
concentrations in places (up to 4,000 mg/kg). 
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The Blackwater Branch and the upper Maurice River 
basically behave as conduits, transferring arsenic from 
the plant site into Union Lake. The inventory of 
arsenic bound to the sediments was estimated to be 
approximately six metric tons. This arsenic was 
apparently bound to fines and organics in the sediments. 

Union Lake is contaminated with substantial quantities 
of arsenic, with a mean dissolved arsenic concentration 
in the water of approximately 56 ug/1, which is above 
the 50 ug/1 Federal Primary Drinking Water Standard for 
arsenic. The mean arsenic concentration in the sediment 
is approximately 74 mg/kg, significantly higher than the 
background arsenic concentration in the Maurice River 
above the confluence with the Blackwater Branch which 
is less than 2 mg/kg. The highest arsenic concentration 
detected in the sediments was over 1,200 mg/kg. It was 
estimated that approximately 140 metric tons of arsenic 
was bound to Union Lake's sediments. 

The controlling factor for the lake's water arsenic 
concentration could not be determined. On one hand, 
tne arsenic concentration in the water coming in, 
within and flowing out of the lake was approximately 
the same. This suggests that the upstream arsenic 
concentration controls the lake's arsenic concentra
tion. On the other hand, the lake water and sediments 
were apparently in equilibrium, based on the sediment 
arsenic concentration, the water arsenic concentration, 
and the partition coefficient. Since the predicted 
equilibrium concentrations were approximately equal to 
the incoming water concentration, the controlling 
factor for the lake's water concentration could not be 
determined. 

The Maurice River below Union Lake had elevated 
sediment and water arsenic concentrations. The water 
arsenic concentration did not fall below 50 ug/1 until 
approximately 10 miles downstream from the lake (26 5 
miles downstream from the plant). The water concentra
tion dropped sharply when the tidal front was reached. 

*r5en,1C . inventory in the sediments could not be 
determined; however, it was established that possibly 
as much as half of the arsenic released off of the site 
was stored m the lower Maurice River sediments. 

It was estimated that if the source of arsenic into the 
watershed (groundwater discharge off of the ViChem 
plant) were stopped, the water arsenic concentration in 
the Blackwater Branch and the upper Maurice River would 
drop relatively quickly. These portions of the water
shed are believed to act as conduits for the arsenic 
flux and do not bind substantial quantities of arsenic 
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relative to the lake. It was also estimated that if 
the source of arsenic were eliminated the lake water's 
arsenic concentration would drop, although how much and 
how quickly was not known. Arsenic may continue to 
desorb from the sediments and maintain a somewhat 
elevated arsenic concentration in the future. At a 
minimim the concentration should not increase over what 
is Present now and the present concentration is close 
to the MCL of 50 ug/1. 

1.2.5 Community Concerns 

*n. ®f.ter the ViChem site was added to the National 
Priorities List, USEPA implemented a community relations program 
an* 1!li0rmK4?r-ea f®s*den.ts about the Superfund-related activities 

*1 Community concern increased from 
moderate to relatively high and also became more specific. The 
involvement of organized environmental groups generated media 
attention and increased public awareness of the site. 

As a result of USEPA's community relations activities, five 
major community concerns were identified: 

o Human health risks from exposure to contaminated 
groundwater because some of the residents relied on 
groundwater for potable water; 

o Human health risks from exposure to contaminated 
surface water because local rivers and lakes are used 
for recreation; 

° Frustration over the perceived lack of remedial action 
at the site; 

o A perceived lack of cooperation on behalf of ViChem 
during the remedial response process; and 

o A perception of inadequate information from the NJDEP. 

1.3 SUMMARY OF THE RI REPORT 

T£?oRI ̂ KP°rt-for "nion Lake was submitted to the USEPA in June 

are summmz^ breloinain9S °f the M " they relate t0 this 

1.3.1 Physical Sysf^ 

A bathymetric survey of the lake was performed for the RI 
Bathymetric contours are shown in Figure 1-9. The lake is 
ThpiJ31!17 sha*low' especially at the upstream northern end. 
relatively3 deen^hnf ™ *.8t -th® northern end of the lake. A m 
Ham a £ ®P £? exists just downstream of this submerged z dam, as shown in Figure 1-9. y u 

o 
o 
to 

1-26 o 
9483b to 

ui 



LEGEND 

~l0' BATHYMETRIC CONTOUR 
N̂..«,NEL*ND CHEMICAL M 5PJ***J!!*_?|TE - UNION L A 

FIGURE 1 9 

UNION LAKE BATHYME1 

o 
o r>o 

EBASCO SERVICTS INCOWPOBA 



The main dam at the southern end of the lake is currently 
ln9 r®c?nstru^tion. The dam was assessed to pole a 

K M hazard because the spillway was inadequate to pass the 
probable maximum flood (PMF) resulting from* various Rainfall 

the reconstruction project, the lake's normal pool 
elevation was approximately 27 feet MSL. The actual doo! 

the^lake Ts" 325^^t0 """i estimated «°» °"t of 
PR^DVEV FEE^ MSL ̂  ESON °% °£ THB WHICH 

To facilitate the dam rehabilitation, a section of the soiiiwav 
was breached to lower the lake's iater level. The breached 
The danthS % bott°m elevatlon o£ approximately 16 feet MSL. 
The depth of water flow over the breached section is 
aPPnnXrS \'2 ̂  th® median 325 cfs fK>w, resulting in 
a n°fmal pool elevation of approximately 18.2 feet M<?T 
feei^fn"' the .lake ® elevation has been lowered between 8 and 9 
feet for reconstruction. 

The new spillway will be approximately 200 feet wide and will 
o?Ve325 c?st0mthale,V.ltl.°n °£,26-,67 £eet MSL- At the median 
feet M«;r J ®s® s -,p , elevation will be approximately 27 
feet MSL. Six new low level outlets will be provided, three at 
an elevation of 16 feet and three at an elevation of 11 ?ee^ 
Jr.. Th® outlets can be used to pass high flows or to 

artificially lower the lake's water level if desired. 

ISlnc^for5 °i FitGame/ and wildlife is the using 
L '" V1® reconstruction project and will control the 

operation of the spillway. They can lower the water level for 
example, if they decide to control bottom growth through partial 
draining to expose bottom areas, thus allowing vegetationto 
freeze and die before refilling the lake. all°w1"9 ve9e£«i°n to 

nItailbeeenSto«?ormid the„lak6'S inflOW versus its °"«low have 
nor oeen performed. However, PRC Engineers th*» rn mnanv 
performing the dam reconstruction project, estimates that ths» 
lake outflow is approximately twice the flow volume at the USGS 
miles9upstream. °n Maurice River at Norma'' approximately four 

Sei932eiS 23°cf^eC°^ed at "°rn^ since the began operating 
IhoNnrm * Since there has always been recorded flow at 
the Norma gage, and since it is believed that the Maurice Rivt>r 

inlikely thatteveneornl<reChdrdeiS groundwater), it is assumed 
the lake's wat^/ level below the°spillway?1*3 C,U" 9 l0Werin« °£ 

There is very little groundwater information available in the 
vicinity of Union Lake for determining if the lake could imn.r? 
local groundwater supplies. However, the City of Millville 

< 
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derives its municipal groundwater supply from seven wells. All 
of these wells are at least one mile away from the lake 

Peri0diCa111' teSted £°< •»•»* ̂  

1 - 3 - 2  N a t u r e  a n d  E x t e n t  of Con^minaHnn 

vin Uni°n La*e is contaminated with arsenic and is 
The nerJon*-6^terogeneous in physical and chemical composition. 

* ° i Sa an^ -Sllt varied greatly between samples collected in close proximity to one another. Similarly, the 

arsenic concentrations in collected samples varied by orders of 

magnitude. 8 ut 

contamination, as evidenced by the core sample analy-
nn" , results, is a surficial phenomena, present in the first 
one foot of the Union Lake sediments. Concentration levels 

n-0t de.fc®c.ted to 1,273 mg/kg, with the greatest 
Fiaurp occurring the northern portion of the lake. 

MTrxĴ r Presents the results of sediment samples taken bv the NJDEP and Ebasco in 1986. 7 

The results of the Union Lake sediment and water sampling are 
we?pn *in 1-3 V The analyses indicated that trace metals 
hnHnm f Lpres? 7 in the water samples collected at the 
bottom of the water column, at the sediment-water interface 
SjL ®u"f®ts ̂ hat these metals are associated with resuspended 
bottom sediments. The lake water contains total arsenic in the 
range of 10 to 190 ug/1 distributed almost evenly among the 

5e' mid-lake and lower-lake, particularly for the 
arsenip6rnnro®fiCth® °f 10 t0 80 Ug/1' The mean total 2 S concentration, approximately 56 ug/1, is slightly above 
the Federal Primary Drinking Water Standard for arsenic, 50 ug/1. 

ThS-KalSenic concentration in the Union Lake water apparently 
occur in seasonal fluctuations. The greatest conceS?rationI 
occur in summer and early fall, and the lowest concentrations 
trationJ1 *eaS°nal varia^lity in arsenic concen
trations is supported by several studies. Resuspended lake 
c!oseento °?h.CahoS.% eleVS'ed concentrations, particular̂  
close to the bottom and m highly turbid areas of the lake 

portion of "the lake)7 * MaUriCe RiVSr e"er5 the northern 

SMresuits °£<:.tiie fish analyses are presented in Table 1-4. 
g the fish caught, chlordane (5-72 ug/kq) DDE 

63-160 ug/kg), PCB 1260 (120-400 ug/kg), and arsenic 

that the"9orp9flV Wffe f°Und t0- b® present* The results indicate 
greatest concentrations of each chemical compound were 

generally present within bottom feeding (i.e., catfish) and 
piscivorous species (i.e., pickerel). carnsn; and 
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TABLE 1-3 

CONCENTRATION RANGER (ma/kn^ QF TQTAT. 
ARSENIC LEVELS TW 

UNION LAKE SETUMENT RAMJT.F.R 

NJDEP SAMPLING (August, 1986) 

Lakeshore sediments in 

10 feet of water 

(193 sample locations) 

PHASE I, (June - July, 1986) 

Upper-Lake sediment 

(EL-1, EL-2) 

Mid-Lake sediment 

(EL-5) 

Lower-Lake sediment 

(EL-9 through 13) 

Total As 

than o - 1273 

36 - 65 

12 

14 - 107 

9483b 
1-31 



TABLE 1-3 (Cont'd) 

CQNCENTRATI3N RANGER (ua/1) OF TOTAT. Awn 
DISSOLVED APgENIC LEVT?Tug 

IN URION LAKE WATER SAMPLER 

P a r t i a .  Pisaolven As Total As 

NJPER (September, 1982-1983) 

Upper-Lake water 

Mid-Lake water 

Lower-Lake water 

PHASE I (June - July, 1986) 

Upper-Lake water 44(R) - 50(R) 

(EL-1, EL-2) 

Mid-Lake water 43 _ g7 

36 - 267 

27 - 100 

33 - 194 

65(R) - 66(R) 

54 - 81 

Lower-Lake water 48 _ 75 54 gl 

(EL-9 through EL-13) 

PHASE II (January, 1987) 

Upper-Lake water 

(EL-28 through EL-30) 

Mid-Lake water 

Lower-Lake water 

(EL-9 through EL-13) 

(R) 

2! - 41 20 - 187 

10 - 22 11 _ 26 

14 ~ 16 12 - 126 

Rejected value 
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TABLE 1-4 

ARSENIC. PESTICIDE AND PCB RKSTTyrp 
FOR FIVE; FTSH SPECIES fno/kg) 

(January, 1987) 

Orqanism Chlordane 

Catfish species 1 72 
(letalurus sd.) 

Catfish species 2 54 
(Ictgluryg sd.) 

Sucker 32* 
(family catostomidae) 

Sunfish 5* 
(Lepomis so.) 

Pickerel 7* 
(Esox SP.) 

4,4'-DDE Arochlor I7fin 

160 400 

89 

63 

200 

120 

7*(d) -(d) -(d) 

Not detected 

* - Below detection limit 

NA - Not applicable or available 

** - Less than concentration listed 

(d) - Duplicate sample result for Esox 

Arsenio 

220 

110 

20** 

20 

240 

190(d) 

C H ar 

© 
© 
to 
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Nj 
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These results are consistent with similar studies of pesticide/ 
PCB s and/or metal residues within fish muscle tissue ne^fSrmJrt 
elsewhere (USEPA, 1976). The duplicate sample resuUs 
the precision of the analytical results was very good 

1-3.3 Contaminant Fate and Transonrt-aUnn 

icarT°beIecycled6 ai?".."^"1.^ 

precipitationl/dissaoSlut>fon,ati0rndedUbiologicalSOrmethylationPt:i0nd 
demethylation. The arsenite <+3) formofarsen™c7sfo^r to ?n 
than^ 'soluble in soil (and probably sediment) pore water 

precipitates wYth "c^lcifl spec,i®S- Arsenic can insoluble 
fo^ST'In'K;ntahturCaai1ClSerSsUlfUrThe:oT 

demethylation.alS° C°ntr°"*d * -^"00°" and 

ŝ spenLd"a%atrHnrS,Pe°rtdd '° ""i0n Lake from "Pstream sources by 
suspended particle dispersion, solute adsorption ont-n < 
sediment, and "entrapment" in adsorbed solute as heavier 

Lake™6 the"1"folio •"*" 'T behint3' sediments in "ni™ 

concentrations of fractions1 t^s frTund : t0 

As +5> As +3> MMAA > DMAA. 

In water, the order of predominance was found to be: 

MMAA> As +3> As +5> DMAA. 

predominantly SSeS^sedLents may^be^ duetto 8 the* "act" that 

mat terj* under t^rSl 
was subsequently deposited in the sediments. uPstream and it 

arsenic^to basin^AUS°Ur" o£ 

downstream from the site showed elevated levels o^Vrs^o °"S 

other"tributarie^studied ~ 

Swdenle e^Tts'flr any°inputkse "h""' rUled 0ut but n0 

to a\ 
u> 
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Road and indicated that the flux from the site was four to eiqht 
metric tons/yr m 1987. These fluxes were confirmed by cross 
ineCt-hPn9h^aSC°-' UKG5U VlChem data- Arsenic was transported 

the basin in both dissolved and suspended forms. Arsenic 
Su£ewat!r1no»™tied thr°U9hout the tersely correlating 

Arsenic concentrations in the sediments of the Blackwater Branch 
and upper Maurice River positively correlated with total orqanic 
nested COI?tent and Percent clay. These data sug
gested that arsenic was bound to the sediments via organic carbon 
and ferric hydroxide matrices which coat the finlr sediment 

j°ns' Leacb tests of Union Lake sediments by Winka (19851 
showed that 50 to 70% of the sediment bS arsenic was not 
wfth n extractable-. The fraction retained correlated positively 
t h e l a k f f  0rgan1 l c l  m a t t e r .  L i m i t e d  d a t a  a r e  av a i l a b l e  w i t h i n  
the lake to correlate arsenic in the sediments with grain size 
or organic matter, however, it is believed that the positive 
ablefo if tha^.was seen in the river sediments is also applic
able to lake sediments as well. 

The total inventory of arsenic in the lake sediments was 
calculated from the NJDEP and Ebasco sediment samples A data 
gap exists in that most of the sediment samples were taken from 
shallow areas (less than 10 feet deep) and only limited simplino 
was conducted in deeper portions of the lake Neiertlellss JSe 
est^tlTtnZ °f arSeniC1 b°Und t0 the lake sediments' was 
onetlir* of tho approximat®1y ^0 metric tons, or approximately 
one-third of the arsenic released off of the site through time. 

The Blackwater Branch and upper Maurice River appeared to be 
ais^C°ndUltKS ,for arSenic released from the site based o" thl 
tnT ma5S ba_lance f°r 1987 and the low inventory of arsenf 
in the sediments. The effect of Union Lake on the e„ t 

it tfCbe a SiLllf3 Unf51.ear* Mass Glance calculations showed 
show that- 4-h f ? conduit. However, sediment-water equilibria 
show that the lake water and sediments were near equilibrium 

dieting mechanisms, the present fate'of arsenTc 
the lake was not predictable. The large inventory of arsenic 

fSr alsenfc "®d th® lak* h3S been a mai°r sink tor arsenic in the past. In view of the low river sedimeni-
thfarsenic 13 Ukely th® final deP°sitory for much of 

Future arsenic levels in the lake are difficult to predict even 
uncltfr arhfhC fl.ux from the site is eliminated since it is 
controls fhB 1 inflow concentration or sediment desorption 
certainly the waltf 3 W?t*r arsenic concentration. Almost < 

water arsenic concentrations would decrease if the 2 
upstream source is eliminated, but the magnitude and rate ! 
of arJenifdn0t be. predlcted until more is known about the rate 2 

arsenic desorption from the lake sediments. 5 

o 
NJ 
<Tl 
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1-3.4 Risk Assessment 

A semi-quantitative risk assessment was performed usina the 
basic methodology in the Superfund Public Health Evaluation 
OffiSe' ofanHea^h°?°flr^in? extenslve inPut 'torn the US§PA°s 
and UIEPA Region II persSn;e?nmental A",i" (°HEA)' the HJDEP' 
Risks were modeled on a "worst-case" basis, usina worst r><» 

onP\SU^mos\SU7l^0sTbiaen"d basis"1" concentrations, "nd* 

modelsti° a contaminantUScom:ent>r "tions^^^ltage^^adult 

opposed t^simple^child/adul^modeir. rasks -r a Hf^im^ 

uerew cal,culated £or the lake •* its full condition- for 
t ' , ,e drawdown for periods of three and five years while 

institutional controls limited site access; and Cor the lake 

site access0" TOe'fi^J^ Mhen, n° institutional controls limited 
_• . u . *. first case, lake full, was performed to dpi-pr 
mine the risks from the lake at its full condition The 
assuming drawdown and institutional controls was' performedt' 
model the risks which could occur as a result of debater'no the 
lake for construction and limiting public access to exDosed 

inst itutiona^^Vn^Vo^ was^*perf ormed^^o^3 Simula te^r" pW* bl° 

wMchU ^ f,AM e r e , C i 1 C U l ? t e d  for tecreational uses of the lake 
lake i° d laCnlude swlmn)ing, boating, fishing and playing. The 
?? . *.s a Popular recreational area where all of thoc^ 

activities are known to occur during the warm season. 

risk"1 calculations th& main contaminant of concern. The 
l&K calculations from exposure to areanir ;« -i i 

sediments, water, and fish are presented in Tables 1-5 and i%e 
The risks may be summarized as outlined below. 

° Sediments 

sediments exposed at the water's edge. allow water or 

Inhalation risks were very low, approximatelv 1 x m-8 

the1 mo" t 0f| ca"S®r per one hundred million people exposed via 

were also Very1 low TtoT '"I!!?""'- ThPe LtstHit* risk! 
cancer per one m'-nno * ̂  0r two to three incidents of 

explainedbove^ ̂  W" 
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TABLE 1-5 

SUMMARY OF CANCER RISKS FOR EXPOSITOR PATHWAvp 
AT UNTOM T.AKF 

Pathway— _ Estimated Lifetime Cancer Risks 
MPSt Probable Worst-Case 

Exposure Sediment Ingestion 6 x 10"6 7 x 10"4 

Lake Water Ingestion 6 x 10-6 4 x 10_5 

Lake Water Dermal Contact 1 x io~7 7 x 10_7 

Total for Recreational 
(non-fishing) Exposure 1 x i0-5 7 x 1Q_4 

Exposure Sediment Inhalation 1 x io~8 2 x in-6 
(drawdown or drought) 2 x 10~8* 3 x 10-6* 

Fish Ingestion 2 x 10-4 o v -.n-S 

Risks for three-year drawdown/risks for five-year drawdown. 

J 4 8 3 b 
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WQRST-CASF 

Scenario 1 
Normal Lake 70 Years 

Scenario 2 
Normal Lake 67 Years 
Construction 3 Years 

Scenario 3 
Normal Lake 65 Years 
Construction 5 Years 

Scenario 4 
Normal Lake 64 Years 
Construction 3 Years 
Drought Condition 3 Years 

i—i 
I 
u» 
00 MOST PROBABLE CASE 

Scenario 1 
Normal Lake 70 Years 

Scenario 2 
Normal Lake 67 Years 
Construction 3 Years 

Scenario 3 
Normal Lake 65 Years 
Construction 5 Years 

Scenario 4 
Normal Lake 64 Years 
Construction 3 Years 
Drought Condition 3 Years 

£920 200 NIA 

TABLE 1-6 

ARSENIC CANCER RISKS FROM UNION LAKF 
FOUR SCENARIOS OF LAKE CONDITIOHS 

*£IE8 INHALATION 

4 x 10-® o 

4 x 10~5 o 
0 2 x 10~6 

4 X 10 5 Q 
3 X 10~6 

4 x I0~5 o 

„ 0 , 2 x 10"? 
2 x I0"6 2 x iq-6 

6 x 10~6 

6 x 10" 
0 2 x 10" 

6 x 
0 

10" 
3 x 10-® 

5 x 10-6 

0 , 
3 x 10~7 

2 x 
2 x 

10"® 
10"® 

TOTAL 

7 x 10"4 

7 x 10"4 

7 x 10"4 

7 x 10-4 

1 x 10-5 

1 x JO-5 

1 x 10"5 

1 x 10~5 



The sediment ingestion risks were higher, 6 x 10"6 for the 
most plausible exposure assumptions and 7 x ltJ-4 for tfce worst 
^?J'StSUraPti0nS- This pathway is c°n«aerea valid only f" 

under very shallow water near the lake shore where 

dental sediment inge'stfon.9 *,"? d^r^ateTlhe'Tntim^e 
"hi0h C°Ula IeSUlt in ingestion'is 

o Lake Water 

Lake water risks were calculated for two pathways, dermal contact 
The1^ recreatl0n and accidental ingestion during recreation 
The risks were not calculated using the lake V ««..i 

is Tbo tl0HfdV Hhe Tean total arsenic concentration of the lake 
above the Federal Primary Drinking Water Standard for Arsenic. 

Tow Cai1CUxlat1en-7risk1! f,or lak®_ water dermal contact were very 

worst-case assumptions, reWctive/yT This iT\n Var""" result 

absorbed through the'^fn"""^96 °£ "SeniC <6 t0 12%) which ia 

fx 10-6id£eonrtaltheWa£eorst T̂ L ̂e TTô  ATile 
worst case assumptions. £or the 

0 Fish Ingestinn 

Fish ingestion risks are summarized in Table 1-7 Thic +-ahi« 

S£a Sr 
comprised approximately 10% of the risk from this pathway. 

may "be" overstated ^This ' i ̂  h £iSh ingestion risks arsenic 

?;;;?"=? "" a~„anti0TorLk 

J?rhf™B.S-50Una,vin t.he £lsh are not believed to be related to the 
ViChem site. The vichem plant has no history of PCB use orodJc 

Bsr'™ 
n:al1v also have a high Kd, meaning that they preferen-

Blackwater Branch and t-h M' s®vera^ san>ples were taken in the 
prnS * J f the Maurice River upstream from the lake 

®re detected only sporadically and at low concentrations. ' 
o 
o 
to 

o 
to 
CO 
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TABLE 1-7 

CONTAMINANT INTAKE AND,CANCER RISK ESTIMATES FOP 
UNIQN LAKE FISH INGESTION PATHWAY 

CONTAMINANT 

ARSENIC 

CHLORDANE 

DDE 

PCBs 

TOTAL 

MOST PROBABLE CASE 
CDI CANCER RISK CDI 

WORST-CASE 

1.3 x 10~5 

2.9 x 10~6 

1.0 x 10-5 

2.3 x 10"5 

2 x 10"5 

4 x 10~6 

3 x 10"6 

2 x 1Q~4 

2 x 10~4 

1.4 x 10"4 

4.3 x 10~5 

9.5 x 10-5 

2.4 x 10~4 

CANCER RISK 

2 x 10~4 

6 x 10-5 

3 x 10-5 

2 x 10-3 

2 x 10-3 

mg/kg-day 

< 
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1.3.5 Recommended Remedial Art ion Obiect-ivgs: 

The source of the arsenic contamination in Union Lake is the 
groundwater discharge off the ViChem plant site. Before any 
remedial action in the rivers or lake downstream of the site are 
taken, this source should be eliminated. 

The lake is now drawn down to facilitate dam reconstruction. It 
fx£ectedconstruction will be complete and that the lake 

o f r i i !  ?• b Y  Ju ? e  ° f  19.90 '  B e c a u s e  o f  th e  l i k e l y  t i m i n g  
of remedial actions at the site, with upstream actions being 
taken prior to downstream actions, it is unlikely that any 
remedial action in the lake could be taken until after the lake 
has been refilled. However, the NJDEP owns and operates the 
lake and could either postpone refilling the lake until the 
remediation is complete, or refill the lake after the dam 
reconstruction and draw it back down at the initiation of the 
remedial action. Therefore, the USEPA has directed that 
remedial alternatives for the lake be considered with the lake 
at its full condition and at drawdown. 

Accidental ingestion of the lake water during recreational acti
vities could pose slightly increased health risks. The total 
arsenic concentrations in the lake currently exceed federal 
standards for drinking water and New Jersey standards for fresh 
water bodies. However, it is not certain what controls the lake 
f™r concentration: the incoming water or desorption 

?ediments. Because of this uncertainty, and 
of the impracticallty of treating the approximate 2.7 

riJi nf fS Wa^®r1 in the lake discharging at a median 
rate of 325 cfs, remedial alternatives for the lake water are 
not presently being considered. The water quality at points 
downstream of the ViChem plant site can be monitored as the 
groundwater discharge off of the site is eliminated to see if 
c^Lnt^atiTns.15 SUfficient to in*r°ve the water arsenic 

TPT^™\iai h6aiuh r-is,ks were caiculated from ingesting fish from 
risks from the arsenic in the fish may have been 

, ?e Present level of arsenic in the fish sampled was 
within normal background levels for arsenic. The majority of the 
risks trom fish ingestion were from PCBs which were detected at 
low levels, within acceptable USDA concentrations for fish. The 
source of the PCBs into the lake is not known since they were 

?n sporadically and at low concentrations in the 
sediments upstream from the lake. Because of the impracticality 

9 contamination already within fish, remedial 
alternatives were not considered for this pathway. The USEPA 
thi*Pf™rm a,Wl*ional. sampling to clear up the uncertainties in" 2 
this exposure pathway in the future. z 

r-1S^ frr°m inha.1ain9 exposed sediments was very low, however 2 
• r*fks f.rom accidental sediment ingestion during recreational M 

activities in shallow water were found to be somewhat elevated. 

to -J 
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Using the mean sediment arsenic concentration and most plausible 
exposure assumptions, the risks were 6 x 10-6, or a possible 
six incidents of cancer per one million persons exposed. 

^lle Jlhe risk usin9 the mean arsenic concentration is relativelv 
ilok, areas o£ hiah arsenic 

he lake. if people are exposed to sediments with hiah 

rlltr.o»\r^XZV-e0nS ^ ShaU0K potentfial health 

hi?nn i s®dirnents in shallow waters, which are defined as 
Th?S «=heSS 4-v,\n aPP.roximately two and one half feet in depth 
120 ma/Z^ that, sedira®nt arsenic concentrations of 20 mg/kg and 
120 mg/kg produce risks of 2 x 10~6, 0r two incidents of 
cancer per one-million persons exposed, and 1 x 10-5 or one 
respective°y. P" °n-»"ndred-thousand persons 'exposed 

o^ec^^lo/unioe Lat is°Is'foUws™"™ aCti°" 

0 22:1? r%tT̂ ar̂ ro\hr\h0 

unacceptably high sediment arsenic concentrations. 

1-3.6 Additional Data 

f!menhfdditi!Hal daata needs were Presented in the Rl. The need 
^®s® data 1S dependent in some instances on the 

remedial actions chosen for the lake. The needs are discussed 

° ratp^nf81 studies to determine the adsorption/desorption 
These could ae?jCin °Athe' sediments should be performed, 
inese could aid in determining the fate and transport of 
arsenic within the sediments. Presently, it is known that 
a^1CUan desorb. from the sediments, but the extent to 
[Jn i on T irS d®sorPtion will influence the water quality of 
Union Lake and the lower Maurice River is unknown since the 
partitioning mechanisms and the sorption rates are not 
determin etia;ll®d information on these processes would help 
th^ artH • 1 remediation of upstream sources would lower 
River concentration of the lake and the lower Maurice 

° The mass balance of arsenic coming in and out of the 1- 5 
should be determined to aid in delineating whether the la 
water arsenic content is controlled by upstream input or ° 
desorption from the sediments. This could be accomplish S 

o 
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CALCULATED RISKS FROM SEDTMFNTg 
AT VARIOUS ARSENIC CONCENTRATIONS 

Calculated Risk1 
Sediment Arsenic 

Concentration (mn/>n)2 

Most Probable 
Exposure 
Assumptions 

X 10-4 1120 

X 10"5 120 

X 10~6 20 

X 10~6 12 

X O
 I 

1.2 

Worst-Case 
Exposure 
Assumptions 

190 

19 

3.8 

1.9 

0.19 

Calculated risks assume sediment exposure pathways only 

Contract Laboratory Program Contract Required 
Detection Limit for arsenic in soil/sediment 
is approximately 2 mg/kg 
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by measuring the flow and arsenic concentration of the 
lake s outflow, and comparing this with the flow and 

u%%StreL7rort\re\Xat ̂  USGS gaging Stati°n at 

Logistically, the sampling program would be fairly simple 
™rPaUM«1„n-iPlaCe,„ USGS 9agin9 Station at Norma ^ now 

S V and the frequency of sampling could be 
increased to monthly or semimonthly sampling for arsenic 
Some type of flow measuring device could be easily installed 
on the dam at the controlled outlet of Union Lake. Water 
samples could be obtained on the same frequency as samples 
from the Norma station. A comparison of the results through 
balance "nf valuable data to determine the arsenic 

?! ! ' If the Program were started relatively 
quickly, a data base would be established prior to perform
ing any remedial action at the lake, and would help ™o 

?Jmine effectiveness. Also, this type of sampling 
would have a relatively low cost. 

model s*"9 shonl^^I 9„athe,red '°r 'he a"°ve, mathematical 
-K .s.hould be developed to forecast the future 

distribution of the sediments. Present day data would be 
used to calibrate and optimize the model to an extent that 
would enable accurate predictions of sediment and surface 
Lake1 C0^entratl0ns of arsenic above, in, and below Union 

e* ,.Thus areas that would be most sensitive to 
remediation efforts could be focused upon prior to the 
lon^term eVflrV- ThlS W°*Uld alS° aid in determining the 
° -era effectiveness of remediation, since it would help 
define possible sediment redistribution patterns. 

^ent^eaSi0fi ?usP®cted contamination found to be sensitive 
Una pUrrinr ^ would r*^ire verification sSmp? 
si??e P»JI - remediation. Verification sampling would 
serve as a reality testing" mechanism to help avoid the 

-°f a Potentially uncontaminated at" 
Since tte lska areas ^Quiring remedial actions, 
bince the lake is a dynamic system, it is likely that anv 
notP rinr.son?".h6d in advance °£ a remediation would 
ThLefote th» aaCa0,l ,nS to expect during remediation, 
inerefore, the additional sediment sampling should be 
conducted as close to the time o£ remediation as possible. 

< 
H 
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2-° IDENTIFICATION AND SCREENING OF TEr.Hwm.or.Tigg 

2.1 INTRODUCTION 

o£jLueve"0for 

cont aminat ion # mos^ aM>»>priate technologies to remediate the 

The section describes a three-step nroces«? for- • 
screening potential technologies. First the r^di/l "I-. ° 
objective for the contaminated sediments is deveSd ba^ r 

H?haraCte?ization. risk assessLnt ̂  complUnce 
with applicable or relevant and appropriate requirements Tapap«\ 
second, technology screening criteria are developed based^rL 
remedial action objective, site-specificrSuiriSS:. â d 

a=n̂ e sftl-p̂ VVnd 

acV̂ - action' 
technology types are screened to determine fhoea t-u t. 

criteria. " The^^chnologieT tha't pasf this ths%T^lis^ 
Iê ond3int0 remeaial acti°" alternatives for source cYn̂ rolYn 

™ r"e%%rteheanninigndpir̂ eUsas1. '̂ ô  

»i" achieve ̂ TameVr1 Y YiVlar*^^^ that 

related to one another. When a group of technologies is evalu-
ated as a process option, this implies that the use of anv of t-hl 

screening 1proc^ss\^ * Similar' ThlS sirapli^ the technology 

This section is comprised of three subsections: 

2.2 Remedial Action Objective 
2.3 General Response Actions 
2"4 =lSnDlfiCati«n ®nd Screenin9 of Technology Types 

and Process Options 

2.2 REMEDIAL ACTION OBJECTIVE 

The remedial action objective for Union Lake is to: 

° public access, either through removal 
unacceotablv Moh'f "tu"onal control., to areas Yuh 
unacceptably high sediment arsenic concentrations. 

from t°hejeRI Ynd the ̂ l0pe<J after "nsidering all of the data 
the RI and the risk assessment as discussed below. 

< 

o 
o 
to 

o 
to 
•o 
cn 

7103b 2-1 



2.2.1 Contaminants nf Tnforoei-

As discussed in Subsection 7.1.1 of the Union Lake Rl a number 
Lfke°r9af»if an̂  ln-°r91aniCJ contan)inants were detected' in Union 
i n r i n r t o ^ C S  i n c l u d e d  a r s e n i c ,  m e r c u r y  a n d  l e a d .  O r g a n i c s  
included Chlordane, 4,4 DDE and Arochlor 1260. vrgamcs 

inSetheC contaminant of concern. Arsenic was found 
calculated ®uFfac® water, and some fish samples. The 
^ ha , f1Sks from the other contaminants were found 
to be minimal. There was an elevated health risk calculated 
from ingesting fish as a result of PCBs. Hoover as di?tn«!d 
theSpcBs°naid° th^ iiS ^elifeVn/? that viChem is not'the source of 
the PCBs, and the level of PCBs detected was very low There-
ore arsenic contamination is the focus of this FS. 

2'2'2 Allowable Exposure Based on Risk Assessment 

The risk assessment considered a number of differed#-
pathways, and a number o£ different «enartoa wh«|̂  the !akJ 
would be at its full condition and would be dral7 down lor 
w"lt-laseen9esDosu£r.tlme' Th® tiSk assessment also considered 

scenarl s" . tata ^nceTr^r ETS 

most plausible exposure scenario The Md resuV nf -v 
foreSbo'thntrhW8S t0 develop a aeries of calculations that showed 
fhi fof^i • worst-case and most plausible exposure scenarios' 
the total risk from recreational use of the lake the risk from 

lulf"e10waatereXPfishf Ind'Th""5 the lake pediment, 
outrace water, fish), and the risks from different tvnes nf 

Shi;; & 
FSS ̂ PnL̂ i exposure the sediments were the focus of this 
FS. Potential increased health risks were calculated for 

EKJSfu SrsnSfSSKS 
Water 

within thn"^31 t0. • treat the entire water volume 
within the lake, estimated to be approximately ? 7 
billion gallons, when the lake is at its full condition. 

water via i?"ux of arsenic into the lake 
water via arsenic m the water of the upper Maurice 
River entering the lake. The mean flow rate of the 
river entering the lake is at least 123 CFS, which is 

< 
H 
25 
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the mean flow of the Maurice River at the Norma gaging 
station approximately four miles upstream from the 
lake. It is impractical to treat this flowing stream 
as well. 

Fish 

o There are no practical remedial alternatives to reduce 
arsenic concentrations already found in fish. 

o The risk assessment assumed that the arsenic detected 
in the fish was a combination of As (III) and As (V) in 
the same proportion as was found in the studies used to 
determine the Cancer Potency Factor (CPF) for arsenic. 
In fact, other studies suggest that the arsenic found 
in the fish would be an organic form that is relatively 
nontoxic. The form of arsenic found in the fish 
samples was not determined, but may be determined in 
further studies by the USEPA. 

o The concentration of arsenic in the fish samples, 
approximately 1 mg/kg, is within normal background 
levels for fish and shellfish in the US. 

Allowable concentrations of arsenic in the sediments, 
considering human recreational exposure, were calculated from 
the risk assessment. The most plausible exposure pathway models 
were used to calculate the health risks that would be produced 
at. v®5?"0"® arsenic concentrati°ns. Then a target risk level was 
established, and the sediment arsenic concentration 
corresponding to the target risk level became the basis for the 
sediment remedial alternatives. 

Two sediment exposure pathways were considered: inhalation while 
i -In® Wa? ,drawn down, and accidental ingestion. The most 

plausible risks calculated for each of these pathways are 
summarized below: 

o Inhalation - This pathway is valid only when the lake 
is drawn down. Lake drawdown durations of three and 
five years were considered. The most plausible risk 
from this pathway is approximately lxlO-8, or one 
incident of cancer per one hundred million exposed 
persons. Because these potential risks were so low, no 
remedial alternatives were considered for this pathway. 

o Ingestion - This pathway comprises the majority of the 
risk from the sediment exposure pathways. Using the 
mean arsenic concentration in the sediments, the 
present most plausible risk calculates to 6xl0-6. 
However, there^ are hot spots, or areas of high 
contamination, in the lake at certain locations. Using 
the most plausible pathway models, a sediment arsenic 
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concentration of 120 mg/kg corresponds to a risk of 
1x10 , or one incident of cancer per one hundred 
thousand people exposed to the sediments. 

r®viewin.9 these data, the USEPA, in conference with the 
het^>Ulned/uthat the submerged sediment cleanup level 

should be 120 mg/kg. However, in order to provide an extra 
measure of protection of human health, a cleanup level of 
20 mg/kg was established for the sediments in the more 
accessible areas of the lake, including the public beach, the 
tennis and sailing club, and the residential shoreline. An 
Do£dsntoe« -°l 2S o9^9fiin the more accessible areas corres
ponds to a risk of 2xl0-6, or two incidents of cancer per one 
million people exposed to the sediments. These are the sediment 
cleanup levels that the USEPA directed be used for this FS 

th,f- re™edial strategy for the lake, both the loca-
sediments, as well as their arsenic concentration, 

were considered. Two factors were considered for determining 
the location of sediments for remediation: depth under water and 
areal distribution. These factors are discussed below. 

If6 water over bhe sediments influences the likelihood 
... sediment ingestion pathway model 
an ? cinu^V1 V could be exposed to sediments in such 
This reau\eres3Sthat fht* .th®.y accidentally ingest sediment, 
inis requires that the individuals must be in shallow water 
where vigorous activities such as splashing and playing could 
allow for accidental sediment ingestion. The USEPA Region II 

W1 j . the USP\ of f ice of Health and Enviro^^l 
Affairs (OHEA), determined that this type of contact could only 
reasonably occur when the sediments were under shallow water 
approximately two and one-half-£eet or less. As a result thi 
SnderlCiaee.Crlteri°n ,£°r r?meaiation ia that all sediments' that 
underlie a water column depth of less than two and one-half-
fhf 1 J /ie?A® action level for that particular area of 
the iake (120 mg/kg for the less accessible areas and 20 mg/kg 
for the more accessible areas), would be remediated. 

strateaCvati0?or0fext»™ife'Jiment5 als0 influai>ces the remediation 
strategy. For example, some areas of the lake are freouentlv 
J it i. • public. These areas include the public beach 

and the tennis and sailing club, other areas are not as hiahlv 
frequented by the public, but are highly accessible, such as the 

frlquSStU btaSthinouM?el,ne' The .remainder of the lake is not 
less accessible^ P swimming and wading, and is also 

NJDEpaerdetermined !b°"JL' the USEPA' in concurrence with the 
conducted as follows: sediment remediation would be 

Z 
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o In the most accessible areas of the lake (the public 
beach and the tennis and sailing club) all sediments 
with an arsenic concentration of 20 mg/kg or greater 
underlying a water depth of five feet would be 
remediated. This provides an extra measure of human 
health protection in these two highly utilized areas. 
This area is shown in Figure 3-2. 

o in the residential areas of the lake along the eastern 
shoreline, all sediments with an arsenic concentration 
of 20 mg/kg or greater underlying a minimum water depth 
of 2.5* continuing up to a five foot water depth within 
150 feet of the shoreline would be remediated. This 
portion of the remediation is shown in Figure 3—2. 

o For the remaining areas of the lake, where activities 
that promote sediment ingestion are less likely to be 
engaged in, the action level would be 120 mg/kg. All 
sediment with an arsenic concentration of 120 mg/kg or 
greater underlying a minimum water depth of 2.5 feet, 
continuing up to a five foot water depth within 150 
feet of the shoreline would be remediated. This final 
area of remediation is also shown in Figure 3-2. 

Conducting the remediation to variable action levels and 
water depths takes into account the usage patterns in 

the lake. The most stringent action level, 20 mg/kg, and 
remediation to a lake depth of five feet, would be implemented 
in the most utilized and publicly accessible area. The action 
level and lake depth of remediation chosen for the remainder of 
the lake combine to take into account the less likely potential 
for repeated sediment exposure in these areas. 

2-2.3 Allowable Exposure Based nn ARApp 

frake water 

The following ARARs establish a 50 ug/1 total arsenic 
concentration as the criteria/standards for drinking water, 
groundwater or surface water quality: 

o Safe Drinking Water Act MCLs; 

o New Jersey Water Standards (NJAC 7:9-6.6) Groundwater 
Quality Criteria; 

o New Jersey Water Standards (NJAC 7:9-4.14C) Surface ^ 
Water Quality Criteria for FW2 Waters; and H 

a 

o New Jersey PDES (NJAC 7:14A-6.15) Maximum Concentration 0 
of Constituents for Groundwater Protection. o 

to 
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£."Shw:s:bMt:r25'ii5is.ti£ss,iS:I'̂  
ô̂ wat'er inglstî Tô y"' WhiCh "" ̂  ad'usted to 25 ng/1 

lowl?°1ake" water® cont ain* th® c.urrent uPPer la*e water and 
uwer -"-aKe water contain total arsenic exceeding ARAB criteria/ 
wa?2?8f dissolved arsenic concentrations of the lake 
water are very close to the 0.05 mg/1 limit. 

Lake Sediment-s 

No federal or state ARARs exist that establish a cleanuo arUnn 
ha^6 a HA contaminated soils and sediments. The NJDEP which 

raa soil or 

The NJDEP's department guidance value for arsenic in «niic •!«. 
value'oniy. H°K6Ver' th* HJDEP 'Vat"™.".1". 5g°u\dan̂  

IS?i pI?gra!n has established certain criteria by which a 
In iho sedirnent may be considered hazardous or nonhazardous 
the leachabif ar01 ® °r sediments contaminated with arsenic, if 
the leachable arsenic concentration following a RCRA Parf ?«i 
Extraction Procedure (EP) Toxicitv Test or p3rf ,7i 2 . 
Characteristic Leaching Procedure (TCLP) test exceeds Ŝ ma/î  

"chara°cterrstSi=-imentAl™ay ĥ .̂ ur̂ uae s 

arsenic .V a Vu'lV 

"aatl011 l°n ĥflase * of "̂ L 1  ̂I 
sediments, the elevated arsenic concentrations are a result 'of 

derived from ̂ he^n'sted0"!;00^!? by water containing arsenic 
* 5?..® llsted hazardous waste number K 031 As a 

sssss ii:: d 

o"̂ ea««nidc0econcentraht0rirr' establish * level based 

Ĥ T̂ cCf"5'"? ê ê lt̂ oont̂ minatw?1 sediment's ̂in**union 

rê elŝ  1 ntove'̂ mder̂ risk-basefT̂ cleanup 
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2-2.4 Pevelopment Of the Remedial Action 

If the human health risks, as well as the elevated concentra
tions of arsenic found in the sediments of Union Lake, are to be 

JLCCeJ?tiaible- levels' remedial action must be developed 
to address the following objective: 

o Minimize public exposure to sediments with unacceptably 
high arsenic concentrations, either through removal, 
containment, or institutional controls. 

The following discussions summarize the findinqs and criteria 

that form the basis for the remedial action objective Criteria 

ars«ni?. concm}***iona were found in the lake's water 
lata a?' iS dlscusaed above, it is impractical to treat the 
fiJS n«ntar- because °? the .size of the lake, the magnitude of 
flow^containing arsenic coming into the lake, and the necessity 

V*natln9 the source of arsenic into the basin before 
remediating downstream contamination. Therefore remedial 
; for. the lake water were not coesfdereT "J 
remedial alternatives were considered for the fish in the lake 

because the detected arsenic concentrations were within USDA 

dietary guidelines and the form of arsenic in the fish mav 

actually be relatively nontoxic. ay 

Elevated arsenic concentrations were also found in the lake 
rTeamm 1* ?°.federal °.r state ARARs exist which establish a 
cleanup level for contaminated sediments. The risk assessments 

greater^than 120 "SiS"*'1 °£ sediments conuTning 
I' 9 arsenic ln vefy shallow waters during 

recreational activities would produce an increased cancer risk 
exposed verlnn?* in.5ldent of cancer per one hundred thousand 

P Exposure to exposed sediments through 
inhalation posed an acceptably low risk. 

The focus of this FS was to determine remedial alternatives for 
containing greater than 20 mg/kg arsenic in the more 

ThS Jrfa? area« • mg/kg in the less accessible areas. 
2^2.2 requiring remediation are discussed in Subsection 

2.3 GENERAL RESPONSE ACTIONS 

2'3'1 General P»«r»TlfTr 

of 9®neral response actions and associated remedial < 
technologies that were potentially applicable to Union Lake was z 
quite extensive. The technologies on this list were screened 
obieet i v»°n i?eir aM1-ity t0 address the remedial «spo£ae o 
objective. The screening process was based upon a set of S 

o 
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eJviMnLnr(-ele»«nt V, the p,rote?tion o£ public health and the 
" MeU aS t0 site~specific conditions and ibl 

Guidance was utilized from the National mi « 
Co,ltin9ency Plan as revised Ho»e«^r 20. 19?"#mS1 

Guidance on Feasibility Studies under CERCLA ttqitdi _ . 
Guidance or Superfund Selection of Remedy (December 19861- usepa 
Interim Guidance for FY87 ROD'S (July 19871-andrfcm i' "SEPA 
for Conducting Remedial Investigations and' Feasibility Studio 

Snl 
2-3-2 Identification of General Response Anting 

Based °n the established remedial action obiective «Hto 
conditions, and waste characteristics, a preliminary screenino 
of potential general response actions was conducted. A list of 

resPonse actions typically considered for the cleanup of 
hazardous waste sites is presented in Table 2-1 The aenerai 
response actions listed in Table 2-2 were determined Si 
General6 f°r thS SitS 8-nd would address the remedial objective 
General response actions such as pumping and colie^T™ 
an alternate9roi"ldwater' storing hazardous materials, providing 
SeiSint? te ^at/r supply for the community, and relocatiSS 
residents were judged as not applicable for this site. 

access ifvolves activities that restrict public 

contamin^it ' 'migration % ""coSl 
monitoring of a contaminated medium over time will enable the 

n a t ura1"a 11 enu ati on* a nd* b i o d^^^a^i^orT. rat6S OCCUrrin* through 

"expose ̂ Exâ ee'V6 f°-blUty 0£ <=Ohtamina„ts anl rxsK 

permeability barriers or containment walls, 

water^treatmentS te^hn^l^gTes^that^act "^o^reduce^tli*^ 

seabiî r trtrt 

including thermal J/o'ffioZ a"t!on"eC«tr,c?ion' 

chemica1'and bioTogica 1 ^"1-

7103b 
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TABLE 2-1 

POTENTIAL GENRRAL RESPONSE ACTTnMjg 

No Action 

Containment 

Treatment and Disposal 

Complete Removal (Contaminated Sediment) 

Partial Removal (Contaminated Sediment) 

Pumping (Wastewater) 

On-Site Treatment (Sediment and Wastewater) 

Off-Site Treatment (Sediment and Wastewater) 

In Situ Treatment (Sediment) 

On-Site Disposal (Sediment and Wastewater) 

Off-Site Disposal (Sediment and Wastewater) 



TABLE 2-2 

FEASIBLE GENERAL RESPONSE ACTIONS AKtn 
ASSOCIATED PFMEDTAT. TFCHWm.nr;TF«g 

SARA Remedial 
Categories 

General Response 
Actions 

1. No Action Monitoring 

Migration Assessment 

Restricted Access/ 
Use 

Public Awareness 

2. Containment Capping 

Covering 

Barriers 

3. Treatment 
and 
Disposal 

a. Sediment Complete or Partial 
Removal 

Remedial Technology 

Monitor and analyze 
sediment, fish and 
lake water 

Sediment Transport 
Modeling 

Fence access areas 
Prohibit fishing, 
crabbing, swimming and 
water sports 
Prohibit irrigation 

Post warning signs 
Inform local officials 
and residents 
Hold public meetings 

Clay cap 
Synthetic membranes 
Chemical sealants 

Filter fabric 
Coarse sand 
Stone/gravel 

Silt curtains 
Dikes/piers 
Sheet piling 

Excavation (backhoe, 
bulldozer, front-end 
loader, dragline, low 
ground pressure 
backhoe) 
Mechanical dredging 
(clam shell, bucket 
loader, dipper, 
Souerman dredge, 
terra marine scoop) 

7103b 
2-10 



TABLE 2-2 (Cont'd) 

FEASIBLE GENERAL RESPONSE AfiTTOMg ANn 
ASSOCIATED 

SARA Remedial 
Categories 

3. Treatment 
and 
Disposal 
a. Sediment 
(Cont'd) 

General Response 
Actions 

Complete or Partial 
Removal 

On-Site or Off-Site 
Treatment 

In Situ Treatment 

On-Site or Off-Site 
Disposal 

Remedial Technologies 

Hydraulic dredging 
(suction/dustpan, 
cutterhead, hopper 
dredge, horizontal 
auger-cutter dredge) 
Pneumatic dredging 
(Airlift, Nametech, 
Oozer, Pneuma) 

Incineration 
Wet oxidation 
Acidification/alkaliz-
ation 
Chemical extraction 
Chemical fixation 
Hydroclones 
Drying beds 
Gravity thickeners 
Sedimentation basins/ 
lagoons 
Dehydro drying beds 
Ultrasonic dewatering 
Centrifuge 
Filter press 
Vacuum filter 
Belt filter press 

Extraction 
Grout Injection 
Vitrification 

Construct On-
RCRA Landfill 
Construct Off 
RCRA Landfill 
Existing Off-
Landfill 
Construct On-
Nonhazardous 
Construct Off 
Nonhazardous 
Existing Off-
Nonhazardous 

Site 

-Site 

Site RCRA 

Site 
Landfill 
-Site 
Landfill 
Site 
Landfill 

< 
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TABLE 2-2 (Cont'd) 

FEASIBLE GENERAL RESPONSE ACTTOMg awn 
ASSOCIATED REMBnTAL TECHNQT.QflTF.R 

SARA Remedial 
Cateaori PR 

3. Treatment 
and 
Disposal 
(Cont'd) 

b. Waste
water 

General Response 
Actions 

On-Site Treatment 

Off-Site Treatment 

4. Transpor
tation 
Technol
ogies 

Remedial Technologies 

Ocean Disposal 
Lake Deposition 
Plant Site Deposition 
Construction Aggregate 

Coagulation floccula-
tion/precipitation 
Biodegradation 
Oxidation 
Neutra1ization/pH 
adjustment 
Clarification 
Filtration 
Ion Exchange 
Adsorption 
Reverse osmosis 

POTW and Industrial 
Wastewater Treatment 
Plant 

Truck 
Pipeline 
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2.4 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND 
PROCESS OPTIONS 

2'4-1 Sdentafication. screening and Evaluation of Tftphnoioaias 

neXt St6IL in the- FS Process consists of identifying the 
categories of remedial technologies associated with each 
response action that are applicable to the Union Lake site and 
determining the feasibility of achieving the remedial objective 
by using those technologies. Jecuve 

The remedial technology categories that are selected for initial 
screening were presented in Table 2-2. 

The screening of remedial technologies is based on the remedial 
s*te-S,£,ecific conaltions- waste characteriza-

», ® extent of contamination. Waste characteristics 
include physical properties such as volatility, solubility and 
density; specific chemical constituents such as total organic 
carbon and metals; and properties that affect the performance of 
a technology. Site characteristics gathered during the Ri are 
reviewed to identify conditions that may limit or favor the use 
of certain remedial technologies. Technologies whose use is 
clearly precluded by waste or site characteristics are 
eliminated from further consideration. 

?ourc?a , used during the initial screening of 
technologies, including the following; 

0 Remedi a ̂Action At Waste Disposal site Har^̂ , USEPA, 

° ""SSEPT ™nl ĥnolosy 

0 Review £L In-Place Treatment- Terhnimies gnr 

£̂ S?USEPA,f aSe;temsboi^ \98;:ni iimfi 1 •— 

0 Technoioqies Applicable Tn Hazardous Wfflfttf, USEPA, May 

° uSrii?BMSAl9att.ernn1'iVe Technolonv Seminar 

° Sllpi? Septem5erb1986?tl'1b'0'3ift̂  F"r S"pCrf"n'1 

o 
o 
to 

© 
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o 

o 

In addition to these references, the annual proceedings of 
hazardous waste research symposia/conferences were used as 
sources of information (e.g., "Proceedings of Annual Research 
Symposia" published by USEPA; and the "Conference on ££e 
Management of Hazardous Materials Control Research Institute")' 

2.4.1.1 No Action 

oroSnj,PVf0": .af.tion not a category of technologies but a 
group of activities that can be used to address <-ho 
contamination problem when no remediation measures would be 
implemented. These activities mentioned below will be used to 
construct a no action alternative later in this report as 
(SARA^fn^h th»f .?upe.rf"nd .Amendments and Reauthorization Act 
(SARA) and the National Contingency Plan (NCP). 

Increase public awareness through public meetinas 
presentations in local schools, press release, Ind 
posting additional signs; 

Restrict access to the lake for recreational activities; 

purposes; Vnd Utilization o£ lake £°' irrigation 

0 sodfLntSed^!nt ?istributicm patterns and monitor 

migm?oA periodiMcaUy. "Sh '° 888658 COntamlnant 

Ŝ M̂ Ausfitnn°ofaC"Ternrtrv8esh 

comparison with other remedial alternatives. oasenne for 

2.4.1.2 Containment 

S?«JfriTinlry *°Ut® °f exposure to the sediment-bound arsenic in 
Union Lake is ingestion of the sediments. Isolation of 

eliminate*" thi^route^of f r0m the Grounding environment would 
eva?ia?il ? Lr°^ of exposure. The containment technologies 
evaluated below either provide some degree of isolation or aro 
woul^consJsf associated. Containment of contaminated sediments 
would consist of capping, covering and barriers. 

Capping 

^solate the sediments by installing a cover 
S ?• s?dln,ents in place and, with varying levels of 

BStlXenes"' eliminates direct contact, particulIJe sulplnlion 
achieved Capping of contaminated sediments could be 
achieved by utilizing any one or a combination of the following-

inr C1?' "J1*11®*10 membxanes and chemical sealants. The cap 
normally intended to be temporary, but could be permanent 
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where extensive subsurface contamination precludes e*ra»afinn 
and the removal of wastes because of thl pi?enLal "««ds 
and/or unrealistic costs. r nazaras 

Clay Cap 

Bfi5££iEtisn: Clay layers are commonly used as cover 
n u sodfills that contain both hazardous and 
nonhazardous wastes. Bentonite, a natural clay with 
!???!! SV^e >in^a Properties, is often transported to a 
site and mixed with on-site soil and water to produce a 
Jo? P®™®®^11^ lay?r- An impermeable clay cap would 
not only physically isolate the contaminated sediments? 

ftvi 1pjfevent lnteraction between the sediments and 
a?® ®rlying water. An impermeable clay cap would 

™lnin,lz®. the leaching of contaminants to lake 
water by creating an impermeable barrier. 

Initial Screening: The installation of a clay cap on 
the sediments under lake water would require extensive 
dewatering and construction of a stable^ Sybase, Shich 
are almost mfeasible techniques. Clay caps are 
susceptible to cracking, settling and ̂ponding of 

Particularly when oversaturated with water, 
susoension ** l°SSi °f j;mPe™eabili*Y and fine material 
suspension. A clay barrier would also bring about 
adverse impacts to underlying benthic life. Because of 
Srhnni? T , lty and low reliability, the 
elim?na?S °* clay caPPin9 for sediment containment is 

further evaluation. However, clay 
apping is feasible and effective for landfill 

construction. ldnQI111 

Synthetic Membranes 

Pescription: Flexible synthetic membranes are made of 
?CPE?ineihviChl°ride ,<PVC)' chlorinated polyethylene 
L no propylene rubber, butyl rubber, Hypalon 
and neoprene (synthetic rubbers), or elasticized 
seen th®1 use of "t' "f b) • Re?ent applications "ave 

¥** Vse °f synthetic materials as both liners and 
sheets ari^vanahi3113- °th®r .Wast® facilities. Thin 
sneets are available in sections of variable width 
The sheets are overlapped and spliced in the field* 
Special adhesives and sealants are used to ensure 
linear integrity. ensure 

Initial—Screening '• The installation of a svnthetic 
membrane on the sediments under lake water would also 

®^ensiv®. dewatering and construction of a 
has the sam® infeasibility as 0 

installation of a clay cap. The integrity of synthetic ° 
K) 

< 
M 
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Ca£ damaged by uneven settling. Synthetic 
liners under water would require an overlaying anchor 
layer to minimize damage and to prevent the liner from 
floating. Synthetic liners are labor-intensivj? aiJX 
SIJMSI/?qU1/eS special field installation methods? 
particularly for submerged installation. As with the 
clay barrier, synthetic liners would also adversely 
impact the benthic community. Due to the low 
implementability and low reliability, this technology 
is eliminated from sediment capping. However 
p«t wil1 be stained for evaluation as 
part of a multimedia cap for landfill facilities. 

Chemical Sealants 

EeaCiiEtAfin: Chemical stabilizers and cements can be 
added to relatively small amounts of soils to create 
™on?6r and *®ss Permeable surface sealants. Portland 
cement or bitumen (emulsified asphalt or tar) is 
suitable for mixing with sandy soils to stabilize and 
waterproof them. Other soil additives include chemical 
dispersants and swell reducers. Soluble salts such as 
no?iUh chlorid®' tetrasodium pyrophosphate, and sodium 
polyphosphate are added primarily to fine-grained soils 

y * deflocculate the soils, increase their 
density, reduce permeability, and facilitate compaction. 

Ihitial Screening ? Extensive dewatering, mixina 
ne^«i??-.and compiLctlon required to achieve a 

V °h P '- strict moisture control and a stable 
be SfoviiJ chemical sealant formation are unlikely to 

7 sediments- Some of these sealant-
sediment mixtures would not prevent biota from growing 
seal This9 .th£ou9h to . the sediment underneath the 
seal. This technology is still in a developmental 
stage and very little information is available on the 
implementability of chemical sealants in a water 
environment, such as the effects on water quality and 
resistance to water forces. Based on the unique site 

j"-"lculty in implementation and low 
consideration? technology is eliminated from further 

Covering 

o Filter Fabric 

BfiSCljjLtifllLL Filter fabric is a woven material that < 
comes in various pore sizes. it can be designed to S 
escaDeWthn ̂  9aS<;S- formed b* biological activity to 
lates Tv»e Prevenbin9 the passage of most particu- © 
lates. Therefore the use of filter fabric is g 
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considered to eliminate the redistribution of bottom 
baS 3 limited life expectancy, but is 

US6^ in landfl11 caps and has had some 
applications in water environments. 

Initial—Screening: Some type of anchor or heavy 
matenal (e.g., sand, gravel) must be placed over the 

fabric fc° keep it in place on top of the sedi
ments. In addition, filter fabric cannot prevent the 

°r ^UrrTung °f biota int0 the contaminated 
sediment. For these reasons, it is removed from 

c?Jsideratlon .as an individual technology. 
t£?h!I?A«4^ WaS . comblned with other complementary 
evaluation ' S 3S S3nd coverin9' for further 

Coarse Sand 

Description: Covering contaminated sediments with a 
layer of coarse sand is an established practice to 
risks from effecJ in_ reducing public health 
risks from direct contact and possible ingestion of 
contaminants. The sand blanket would also reduce the 
environmental impact by minimizing the potential for 

°£. au? erosion under normal weather 
conditions. The high density coarse sand would, to 
some extent, resist severe erosion during a storm event. 

Initial—Screening: The effectiveness of contaminant 
covering would be proportional to the thickness of the 
sand layer installed. This technology is a proven and 

t8id- t®chni,lue- It may not provide a 
totally reliable barrier to biota growing or arsenic 
leaching. Placement of the sand layer may cause 
resuspension and redistribution of sediments. However, 
L.#*!?0"88! Sand layer would provide a quick and 
economical means of lake restoration for recreational 
use. Therefore this technology is retained for further 

Stone/Gravel 

w Q1V A layer of crushed stone and/or gravel 
foSii. 4-f f directly over the sediment. The water 
sediment-15esus.Pend and carry the contaminated 
sediments would act on this rough surface of larger 
thanAth»S f-Whlch bave a 9reater resistance to movement 

flner sediments underneath. This is a common 
engineering practice that is used to control erosion of 
materials in a water environment. 

o 
o 
to 
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Initial Screeninq: Two major disadvantages of this 
material are that placement would cause major 
resuspension and redistribution of sediments 

4- lf £.laced in standing water, and that a 
I! ^Can .po,rtlon of the material would immediately 

sink down into the soft sediment and be rendered 
ineffective. Furthermore, over a period of time, more 
of the stone/ gravel layer may sink down into the soft 
sediments and more contaminated material would work up 
toward the surface. Placement of a layer of 
stone/gravel alone would still allow the transport of, 
l^mJ^rntUrrllly < contact with< some contaminated 
sediment. Therefore the technology is eliminated from 
further evaluation. 

Barriers (Sediment Dispersion Contrnn 

barri£e°r1s1°̂ on9̂ t̂ ';1in0l̂ ies pr°viae £or temporary or permanent 
barriers to isolate the contaminated sediments in order to 
minimize agitation and resuspension. 

o Silt Curtains 

Bescription: silt curtains constructed from filter 
USed to/®Ldu~e the transport of contaminated 

sediments. Suspended from floats or staked into the 
bottom sediments, the curtain is extended around the 
work area. The performance of this technique is sensi
tive to surface water disturbances, which may tear or 
overtop the fabric. The technology is well developed 
for erosion control on land, but has not been 

tested ln Projects where highly contaminated 
sediments are suspended in water, especially in the 
case where the contaminant is associated with very fine 
!f f >? ' 1However' the filtration effectiveness 
of this technology can be increased by using two 
fhfm31?8 V1 £arallel to Provide a buffer zone between 
turbidity control the suspended particles and 

Initial.Screening: Silt curtains could be effective in 
resusPended Particle migration during the 

sediment removal activities. Optimum use of silt 
curtains would be based on the results of surface water 

and, dy? "hich would enable proper 
selection of locations for the barriers. This 
technology is retained for further evaluation. 

o Dikes/Piers 

fnSnnrP£0n'f t  Efuth and rockfill structures can be used 
to cordon off the areas to be cleaned and isolate them 
from uncontaminated areas, thus creating a safe area for 
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public use. Piers can provide an effective barrier to 
direct the suspended sediment away from uncontaminated 
areas. Enclosing an area within an enclosed dike will 
allow surface water to be pumped from this area, 
providing a semi-dry condition for excavation. 

Initial Screening: Piers/dikes cannot provide total 
isolation from the spread of contaminated sediment 
except within an enclosure pier. The construction of a 
diked area would have an adverse environmental impact 
on the lake ecosystem. This technology could provide a 
safe area for swimming, but would minimize other water 
sport uses such as boating. Since the configuration of 
sediment transport in the lake is unknown, its reliabil
ity would be considered low. For these reasons, dikes/ 
piers are eliminated from further consideration as an 
individual technology. 

o Sheet Piling 

Description: Sheet piling driven into the sediments can 
be used as a barrier to limit the spread of contaminants 
outside the work area. An enclosure constructed of 
interlocking sheet piles could substantially reduce the 
movement of contaminated water and suspended sediments 
to areas outside the piling. This technique could also 
be extended such that water within the enclosure is 
pumped out and work could proceed within a semi-dry 
state. The use of sheet piling is a commonly applied 
technology. 

Initial Screening: In situ dewatering would not be 
required for contaminated sediment removal since the 
dewatering of dredged sediments would be more cost 
effective. This technology is therefore eliminated 
from further consideration. 

2.4.1.3 Treatment and Disposal 

Complete or Partial Removal 

As discussed in Section 3, the risk assessment identified 
sediments with an arsenic concentration greater than 20 mg/kg in 
the more accessible areas and 120 mg/kg in the less accessible 
areas to be an immediate public health risk. The areas to be 
removed are presented in Figure 3-2. The total volume of 
sediment in Union Lake to be removed is approximately 131,000 
cubic yards. Excavation concerns for the sediments when the 
lake is at its full condition would be different than concerns 
for the sediments when the lake is drawn down. Dredging 
techniques would be applicable for sediment removal when the 
lake is at its full condition, while primarily dry excavation 
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techniques, possibly coupled with dredging technoloaies would 
be appropriate for drawdown conditions Treatmow? V woul? 

technologies are applicable to the'se^ents YnToth cates"*0391 

O Ercavahinn 

rIfersPlo°^Lcwhi!. • cate9°.ry of removal technologies 
i ^ tlon e5uipment that is typically used 

on land to excavate and handle solid materials ?he 
„Tlu,?es backhoes, bulldozers, fro'nt-eSd 

iaffj 5 draglines. Large backhoes have production 
UP abo.ut 150 cubic yards per hour (cy/hr) 

working oHof\ "sous'0" 9I°Und *ressures «• capable of 

excavation rate! between"^0 an£° ̂"cy/h^nd vTand 
respectively. They cannoT load^sedin,!"? 

^ "ot close t0 the shoreline. Draglines a?e suitable for excavating large land areas to rt-nme 

ranging from 12 to 30® feet" deep wi?h loom lengths 
ranging from 30 to 200 feet. lengtns 

Initial .Screening: The types of equipment discussed 
?!' K lnclydin9 bulldozers and front-end loaders 

X2 "i u* s?ltable if the remediation is conducted at 

™ S» y'r h?l? iS: 
anCkeltensivea9niteS k°Ulf Ieq"iie ̂ he ̂nstfllâ on̂ of 

h¥S7}- H °In -°-y 

gb®n they VrV %$£ ""h^deep 

ofsediment muVbe rem™ °nly the t0p °ne fo°' 

Bi5'€ '£{"! 1,°"°n9roundtipressureUlbackhoes 

P" —5S-oe-srsa-a; 

of «SS.'^."of^iSSi wuld^bei<used°I1foMother 
""^ructron support activities. Excavation i J 
feasible and is retained for further evaluation. 

O Mechanical Dredger, 

fififiCiifitifln; Mechanicai dredging refers to the use of 
?^«dlr«Jl equipment such as clamshells and bucket 
adf? f that are usually mounted on barges. The main 
advantage of mechanical dredging is the removal J? 
sediments at nearly in situ densities by not adding any 
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water, therefore maximizing the solids content and 
minimizing the scale of facilities required for Sredged 
mf»ieriK tra"sPort, treatment and disposal. On the 
sedimentn?hrouahUS^ me,c.hani1cal dr.ed9ing removes bottom 
force to d^inrfflA X dir®ct .application of mechanical I?.* ! to dislodge the material, sediment resuspension 
of S ipl? ar® of1ien vhigh- In addition, this method 

sediment removal has a characteristically low 
production rate (USEPA, 1985c). 

Initial—Screening; Most of the barge-mounted dredaes 
ofqthieiifkfin*-flhe t0 feet °f draft- The portions 
of the lake to be remediated include areas under 5 feet 
with h* . These access restrictions, combined 
with the high resuspension of sediments associated with 
mechanical dredging, provide adequate reasons for 
eliminating the mechanical dredging category of removal 
technologies from further consideration removal 

° Hydraulic Dredging 

Hydraulic dredging utilizes water as the 
?ocat?JL sediments from their in-place 
location to a discharge point. Slurries of 10 to 20 

Mei91t- "e COmon ln standard 
i. dredging operations. The operations are 

The fourar9flTf?Unte? aild have high P^^ction rates. 
The f°ur different types of hydraulic dredaes 
commercially available are suction/dustpan, cutterhead 
hopper dredge and horizontal auger-cutter dredge. 

rt?Ji^aln sucJ:ion dredge relies solely on suction to 
ThP 5? 9nd transP°rt the excavated slurry. 
The dustpan dredge is a modified suction dredge. It 
features a wide flared dredging head and utilizes high-
pressure water jets to loosen and agitate Pediment 

Raptures them in the dustpan. Both types are 
VJKSSZll. in the remOVal °f relativ^ free-lowing 

su<Ttion dredge utilizes circular cutter 
T»H2 *hlch. rotate at the bottom of a suction pipe 

dredge is suitable for dredging both fine (silt 
and clay) and coarse (gravel and loose rock) materials. 

that h°,™r dredge is basically a self-contained ship 
that uses suction to draw sediments into hoDDer 
compartments within it. After all hoppers are fSll 

materials96 â e T3 *° 3 transfer location where th4 
materials are pumped out. This dredge reauires 

operations.raaneuverin9 space and is used for ocean 0 
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The horizontal auger-cutter dredge utilizes a 
hydraulically operated boom to raise and lower an 
auger-cutter/suction assembly to the sediments The 
sediments initially loosened by the augl^cutter 
HhroooiW8, ̂ en transpotted by suction as" a s^rry 
through a floating pipeline or transfer barge to the 
treatment/ disposal location. Smaller versions of this 
aDD^oxiniatei remov® a maxil™m depth of sediment of 
approximately one and a half feet with each pass, and 
can be transported to relatively isolated (in terms of 
navigation) water bodies such as inland rivers 1 
!"Jes of tests *s presently being performed on the 
most commonly used portable dredge, the Mud Cat* 

lndicate that sediment resuspension 
Reduced resuspension would have to be 

sacrificing optimization of the dredging 
operation. This would be accomplished by increasina 
operation"*" °f taken in * the ^edge durjng 

Usualll llrHl"'1'91 ,The suet ion/dustpan dredges are 
usually large vessels geared for the maintenance 
dredging of major waterways. Due to their size and 
Addition67 w°uld not be accessible to Union Lake. In 
addJ*10n'underwater Plants and debris could block the 
uction lines. Therefore, the suction/dustpan dredqes 

?"thCe0rSeVa"ueatiUonn'mPleBe"t!'Me ̂  816 elimlnated 

Cutterhead dredges are usually designed for larae 
r>iedu^blon Projects and are mounted on large barges. 
Due to their size and five to six foot draft 
requirements, they would not be accessible to the site 

and are eliminated from further evaluation. 

The hopper dredge requires extensive maneuverinq to 

teDth.' th?sti°i?ate<? Site and nominal 
fnr nf,? T , system is not considered appropriate 

further consiiiexation.fc ^ 

in'-in 
reservoirs, streams and lagoons. They also ch? 
tha" tw^V/eMaVei nl0W- d6pthS °f vessel draft (many less 
water SDUMH on110 „in9 them t0 be used in a shallow-
sit^ aSS i Because of the accessibility to tl . 
hiJ? * .T sediment resuspension, this type c H 
hydraulic dredge is retained for further evaluation * 

pto6nctshiL/elVal̂ L m®ntion °J trade naraes of commercial « 
recommendation for'use " endorsement or „ 

to 
VP 
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O Pneumatic Dredging 

Pneumatic dredges use compressed air and 
hydrostatic pressure to draw sediments to the collection 
head and through the transport piping. Four types o 
pneumatic dredges, including Airlifts Nametech^OozeM 
and Pneuma* are commercially available. Pneumatic 

hvd^anii "<? Jield denser slurries than conventional 
hydraulic dredges with lower levels of turbidity and 
23::rnBion,of.-solids' but they are °aPabie °niy 
modest production rates. These dredges can be 
relatively easily dismantled and transported by truck 
but have limited availability in the United States. 

Initial—Screening: Some pneumatic dredges may not be 
suitable for shallow deposits because they require a 
minimum depth to build up enough air pressure for 
operation. The minimum depth required would be greater 
than what is available in Union Lake. Some of these 
dredges are being evaluated by the USEPA for removinq 
contaminated sediments; however, operational data are 

availJbiiifvSEPA' •1985S)- Because of the limited 
? b J y /  m i n i m u m  d e p t h  r e q u i r e m e n t s ,  a n d  l a c k  o f  

operational data, this category of dredges is 
eliminated from further evaluation. 

Qn-Site Of Off-Site Treatment Technology 

Although the same remedial technologies are applicable for 
on-site or off-site treatment of sediments removedfromunion 
Lake, on—site treatment should be considered firct- fn _J 
transportation and handling costs Ivln when on-site 
reduce* the^ediiLnt0"1"^6' St®PS should be taken on-site to 
reduce the sediment water content and volume in order T-N 
Dartiii6 ^ransP°rtaJion costs. The applicability of complete or 
partial on-site treatment will depend primarily on the 
availability of land upon which to construct facilities it 

bSiii ̂  - screened "relative 

and feasibility for the cleanup of contaminated sediments. 

productshlSandePnrn;»Any "flira o£ trade namBS °f commercial 

recommendation for use. Constit"ta ^orsement or 

< 
H 
2 

O 
© 
to 

7103b 

o 
to 
10 

2-23 -4 



Thermal Treatment- - Sediment 

ISd* ̂ hn^?2L?ate90rLinciluaes the use °£ incineration units 
»dirnTnt. °*1,latl°n units t0 "eat the arsenic-contaminated 
sediments. 

450»CiCanS°mr»nnhS Can- J?* /aP°rized in the range of 100°C to 
1985? 1 ? be 0Xldl*ed to form an As203 emission (Dean, 
1985). The vapor-phase arsenic emission should be treated in an 
air pollution control device such as a water scrubbing system. 

O Incinerafi9n 

Description: Incineration involves the thermal oxida-
°«f destructio.n of organic matter. Incineration 

fj? multlPle hearth, rotary kiln or infrared 
systems would evaporate water from the sediment slurry 
and decompose any organic matter. Therefore they could 
be used for sediment drying and volume reduction. 
Incineration, would only vaporize arsenic from the 
sediments into the scrubbed water. Subsequent and 

ih treatl?lnta would be required to remove arsenic 
if 2? ™ scrubbed water prior to discharge to the 

i !iAS c?rrently n° established incineration technology that will destroy arsenic; only vaporize, 

sublime or melt the arsenic. Both portable and 

stationary equipment are available for both on-site and 

off-site incineration. To be useful in either case, 

the processing capacity of the incinerator should be 

consistent with the rate of sediment generated by the 

dredging operation. y tne 

Initial Screening: The vaporization of arsenic would 
re9"Are the high temperatures generated by an 

incinerator. Incineration requires very high capital 
cost, and operating and maintenance costs. In addi-

COf.ts ̂  removin9 arsenic from the scrubbed 
UIi? . ®s.timated t0 be verY high. Incineration may 
orobiinceFb?ln amo"nt of arsenic to ash, resulting in a 
J"! ®m Wlth jegard to the disposal of the potentially 
hazardous ash. For these reasons, incineration is 
evaluation.lneffectiv®' and is eliminated from further 

O Wet Oxida^np 

Description: Wet air oxidation or wet supercritical 
finno®\ oxldatl0n uses elevated temperature (500°F to 
600 F) and pressure (100 to 500 atm) to oxidize 2 
?roaf™inan wlThlS Process was developed mainly for z 

i1-9! PumPabJe aqueous and sludge wastes, which are 
too dilute (less than 15% organics) to treat ® 
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economically by incineration. There is currently no 
established wet oxidation technology that would destroy 
arsenic. This technology would only vaporize and 
oxidize arsenic. ^ 

Initial—Screening: The wet oxidation products 
containing arsenic oxides would remain dissolved and 

fleJ in th.e iiquid- The off-gas would contain 
dissolved arsenic oxides and hydrocarbons from the 

in the sediments. It would be very 
difficult to separate the arsenic-contaminated 
suspended solids and the inert fine silt. This 
technology category has not been demonstrated feasible 
for arsenic removal in a pilot-scale test or a full-
scale operation. Therefore wet oxidation technologies 
are eliminated from further evaluation. 

Chemical Treatment - sediment 

Chemical treatment can be used to remove arsenic from both the 
can 9he ^ ̂ asso®"ted liquid waste! Sediment 
^traclion r̂f̂ â Tn1"117 USln9 '"̂ -ation/aUaliaatiSn? 

0 Acidification/Alkalizatirm 

Pescription: Acidification and alkalization consist of 
J?® of !n acid or an alhali to the sediments 
fL » -1Ze an? leach arsenic into solution so that 
the arsenic can be removed from the sediments. Hydro
chloric acid and sodium hydroxide are the most commonly 
used acid and alkali for this type of treatment. 

Initial Screening: Both acidification and alkalization 
were tested in the bench-scale treatability studied 
(Section 6.0 of the Rl report) to determine the feasi-

y *° I technology to leach arsenic from the 
sediments. The test results demonstrated a low 
efficiency for leaching at a low pH value (i.e., 3.0) SH vaiJp refflC1nCM0f leaching at an extremely high 

a lue (i.e., 12.0). The alkali-treated sediments 
14.™g/*g of total arsenic, which is below the 

resulted inrianeri0\°M 20 mg/kg* However, alkalization 
*c r- unstable process and generated a large 

nnt * *- 4.® Sllt' .which was v®ry difficult to settle 
out. Extraction utilizing water and sodium citrate 
tionnSsndtediteit-ter .results- Therefore both acidifica-
evaluation alkall2atlon were eliminated from further 
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Extracting 

Pesciiption: This technology would involve the extrac
tion of the arsenic from the dredged sediments using 
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u?ter' a SOivent' a wetting agent or any combination of 
the three. The supernatant solvent (extractant) con
taining the arsenic would then be further treated for 
arsenic removal prior to discharge to the lake The 
sediment, after being washed wi?h water for solvent 
recovery, would be disposed of as a nonhazardous wastl 

Initial—Screening: Extraction was evaluated in the 
t"atability studiea (Section 6 0 Sf RX 
. tbe feasibility of this technology 

i • senic tom the sediments. The tests 
involved US1"9 ertracting media such as water, sodium 

acetate'fEDTA^ i oxalat® and •thylenediaminetetra-
acetate (EDTA), all commonly used extracting agents. 

coLŝ sVnd"̂ ..68' res.ult Sh0Med that the resultant 
coarse sand after a water wash contained 36 ma/ka 
fineni<Vn??mE>ared With -an initial sediment (sand plul 
fine siit) concentration of 2,780 mg/kg. it is 
expected that a two-stage water wash would further 
reduce the arsenic concentration to below the more 
stringent action level of 20 mg/kg. if, during fTna! 
design, it is discovered that a two-stage wa?lr wash 

to below 20Ufma/kantlyfred^e th® arsenic concentration 
citrafp pfHiiH K •' ?xtractlon of arsenic using sodium 

? f? implemented. The treatability studies 
indicated that sodium citrate would extract arsenic 
from the sediment to a concentration of 21 mg/kg This 
of °2 (̂ rag/kg* °ptilaiaad t0 thieve the actSn level 

gathered in® the6^?""-1.'7 teSt and on other information 
garnered in the RI, it was assumed that the leachaf#» 
from the coarse washed sand would contain a low enouah 

substantive® deViVl*'0" t0 en-able the ooa"e ""S to S 
substantive delisting requirements and be disposed of 
DarticiMard°l^S-materia1' The seParated water and fine 
£ K a. 9 arsenic could then be treated with 
llclT̂ ot tD tĥ  arsenic 
uecause of its effectiveness in lowering the arsenic 

isnCretarî d" r;S"ed ""«»<=•. this tectao?ogy 
criteria for tL.f" !• e?aluati°n- The delisting 
detail in SectioSlo Seaimenta "lU "a explained in 

Fixation 

ronffm? ?nii Fl^ati°n is a chemical process whereby 
^emenf ? sediments are converted into a stable 
clmSnt" Mme1113 con.tainin9 minimal free water, 
tement, lime, fly ash, sodium silicate, oraanie 

hydrateS' the^^ree' asphalt. can be used to bind or 
nyarate the free water available in the dredged 
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sediments. Commercial proprietary agents are available 
for both organic and inorganic contaminant fixation. 
The contaminated sediment treated with any of these 
agents develops properties ranging from a loose sand or 
gravel to a weak concrete. The stable end product does 
not- leach appreciable amounts of arsenic and can 
normally be classified as a nonhazardous material if it 
meets substantive delisting requirements. 

Initial—Screening '• Bench-scale fixation tests were 
P®£forme(3 on sediment samples using a commercial 
silicated blend known as K-20/LSC (manufactured by 
Lopat Enterprises). Carbon powder, Portland cement and 
fly ash were also tested as fixation agents. The 
fixstion formulations used were designed to produce 
fixated solids with leachates (produced from an EP 
Toxicity Test) of less than 5 mg/1 of total arsenic. 
The tests achieved a level of approximately 1 mg/1 
arsenic in the leachate, much lower than the target 
level. The tests were not optimized to achieve a 
further reduced leachate concentration, although the 
vendor indicated that a more optimized leachate could 
be achieved. 

Delisting criteria for classification of solids as RCRA 
nonhazardous material require that a leachate from an 
EP Toxicity Test have a contaminant concentration less 

fc comPuted fron} the USEPA's VHS model (USEPA, 
1985d). For the sediment under consideration the 
leachate must be less than 0.32 mg/1 arsenic. The 
treatability tests achieved a leachate of 0.800 mg/1 
arsenic using a 1:1 formulation ratio (chemicals : 
sediment). By modifying the formulation ratio, it is 
believed that the sediments could be fixated to produce 
an EP Toxicity extract of less than 0.32 mg/1 arsenic. 
Therefore this technology is retained for further 
consideration. Additional treatability tests would be 
required to confirm/optimize the formulation ratio. 
The delisting requirements are discussed in detail in 
Section 3.0. 

Physical Treat-mpnt - SerHmgn<-

tr®atment processes evaluated for handling sediments 
nclude. hydroclones, gravity thickeners, drying beds, 
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belt fllter presses. Physical treatment processes evaluated for 
supernatant water treatment include: clarification? filtrltion 
ion exchange, reverse osmosis, and adsorption. nitration, 

o Hydroclones 

Description: Hydroclones can be used to separate heavy 
d? lar9e^lain,eter) particles from fines (i.e. small-
diameter particles) that are present in the sediments. 
The sediment is diluted with water to produce a slurry 
LarPPr?ra\tely 2 0% solids- The slurry is pumped 
under moderate pressures of 10 to 20 psig, into the 
floiOCin°ntheathvadrnai!9ential an91®* Th® high r°tati°nal 
flow in the hydroclone causes the larger particles to 
move towards the wall by centrifugal forces and 
downward to the apex. Proper selection of the size aSd 
operating pressure can induce the concentration of 
large (i.e., sand) particles in the underflow while the 
fines concentrate only slightly in the underflow (i e 
pounds fine/pounds water in underflow is only slightly 
greater than the pounds fines/pounds of water in the 
50%f' and ha^ fl0M n" ,hi9h ln SOlidS S 

£1 a much lower water flow than the 
overflow. Therefore most of the fines leave the 
hydroclone m the overflow stream. 

jniUal Screening: Hydroclones are a feasible 
technology for separating fines from larger par^clel 
RI/FSUrit Si«:rehmiS; °n the data collecte«a in this 
RI/FS, it is believed that the fines in the sedimpnf^ 
contain the majority of arsenic, while the coarse size 
fraction contains little arsenic. This process is 
therefore retained for further consideration. 

o Drvina heds 

Description: Drying beds could be utilized to 
!I3V M iln free li(3uids from sediments, through a 
atEaerei%^ay?r'i Sediraent drying can be accomplished 
time u?inn1V% C°1St and in a reas°nable amount of 
bed? MnSiii- example, sand beds. The sand drying 
beds consist of an upper layer of sand and a lower 

an und®rdrain system. Local climate such as 
ivlre^. pFeciPltatl°n, sunshine and humidity will 

affect the drying efficiency. it is possible to obtain 
45 percent solids content or more in two weeks. 

had 3 * ? i Sgyeem ng: Sediment dewatering using drying w 
a?aa ^̂ :lnteJlS1Ve .ana significant land 2 

.Slnc® the feasible sediment treatment 
Slte' such as extraction and o 

w°uld not require a high degree of 10 
dewatering, drying beds are considered not practical 
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relative to other available dewatering and thickening 
technologies. Therefore drying beds are eliminated 
from further consideration. 

o Gravity Thickeners 

Description' Gravity thickeners are similar to 
conventional circular clarifiers except that they have 
a greater slope and are constructed with a heavier 
raking and pumping mechanism. The dredged sediment 
slurry would enter the center of the thickener unit and 
solids would settle into a sump at the bottom. The 
solids would be removed for treatment or disposal, and 
the supernatant would flow from the overflow weir to a 
treatment unit. 

Initial—Screening: Gravity thickeners are a feasible 
technology for ^ thickening the sediment prior to 
extraction or fixation treatment, as demonstrated in 
the bench-scale tests. This process is implementable 
and effective, and is therefore retained for further 
evaluation. 

° Sedimentation Basins/Lagoons 

Pescription* Sedimentation basins and lagoons are two 
of the oldest and simplest processes for dewatering 
solids. Common design practice would use a two-lagoon 
or sedimentation basin system; as one is being filled, 
* °£her is being emptied. The side slopes and bottoms 
of the basins would be lined to prevent leakage. 
Sediments would be retained in the basin while the 
supernatant would be decanted and pumped away for 
treatment. The solids would be collected for further 
treatment and disposal. 

Initial—Screening: Sedimentation basins and dewatering 
lagoons are not practical for sediment dewatering due 
to the site-specific conditions. Dredging will be 
performed over the perimeter of Union Lake, therefore a 
mobile-type facility (such as a gravity thickener) is 
preferred. A permanent station (basin) would require 
an additional booster pump to pump the sediment from 
the dredge barge to the station. These technologies 
are not considered implementable and are eliminated 
from further consideration. 

0 Pehvdro Drvino < 
zs 

Description: This technology is similar to a regular 
drying bed except that a flocculant is added to the ^ 
dredged sediment slurry and the water is then filtered 10 
through a permeable mat by means of a vacuum system. 

o 
o 
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Sina6t^n9n0f dredged sediments can be accelerated by 
using this process. This method requires that the 
contaminated sediment and associated dredge slurry be 
evenly distributed over the permeable mats The water 
is then drawn through the bed aided by a vacuum. The 

15 <Lcol1lected ^ a sump and removed or 
fh° ®?,. or . ev®"tuai treatment. Approximately 90% of 

rfr™ in J5f dr®dged material can be removed by 
process. The dehydro drying beds are a relatively 

new concept utilizing conventional technical practices 

lurtral Screening: Dehydro drying beds perform a high 
%*• dewaterin9 and can improve drying bed dewater

ing efficiency. Based on the same criteria discussed 
dryi?g beds' dehydro drying beds are 

considered not practical for this site rllative to 
? ? , available dewatering and thickenina 
technologies. Therefore this modified drying bed 
technology is eliminated from further evaluation. 

° Ultrasonic Dewatering 

Description: This system uses ultrasonic vibrations to 
remove water from solids. This technique is a new 
technology that has limited documented success. its 
confpnf 4-^" b- dewatering sediments with high organic 

" iu n0. .known; however, this technology has been 
used in the mining and processing industry. 

Initial Screening: Because of the unknown applicability 
t^S6iim?Uert with high water and organic contents, and 

? availability of the technology, this 

consideration? " further 

0 Centrifuge 

Description: Centrifugal dewatering is a process that 
uses the force developed by fast rotation of a cylindri
cal drum or bowl to separate solids and liquids accord-

their density differences under the influence of 
centrifugal force. Centrifuges can be used to dewater 
fino°n soils and sediments ranging in size from 
f ta tHK1 d<T t0 Silt' The effectiveness of cLt™-
thi P'S ̂POn. the Particle size and shapes, and 

solids concentration, among other factors. 

Initial Screening: Centrifugation is a feasil 
m t n * * /  t h i c k e n i n g  a n d  d e w a t e r i n g  d r e d g e d  s e c  < 3  
fn? excavated soils. it may also be applicat 5 
for separating fine and coarse particles in t 
results onlv operating the centrifuge in a manner th o 

f • 1 * 6 caPture of coarse solids. Th S 
technology is retained for further consideration. 

o 
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° Filter Press (Plate and Fratn^ 

Filfc.er Presses may be used to dewater 
sediments by forcing sediments under pressure into a 
series of plates and chambers fitted with a fine filter 

Wat6r " forced through the filter cloth into a 
iection system, and the plates are then separated 

and the solids removed for treatment and/or disposal. 
The system is operated on a batch basis. 

Initial Screening: This dewatering technology is labor 
intensive and not practical for dewatering sediments at 

tenanr. i- ^ relati7el7 hi9h operation and main-IK5' ^aS 1 as a very limited unit 
capacity. Therefore this technology is not retained 
for further evaluation. retained 

o Vacuum Filter 

DfiSG£iE£i2ii: Vacuum filters are commonly used to 
dewater sludges from wastewater treatment systems 
Vacuum filters utilize a rotating cylinder with an 
interna1 vacuum to draw water through the filter medium 
on?1 leavin9 solids as a layer on the filter cloth 
b® dewatered solids are continuously scraped off the 

rotating filter medium to a conveyor system. 

Initial—Screening: Vacuum filtering is a feasible 
technology for dewatering sludges generated from the 
supernatant or extractant treatment system. This 
technology is therefore retained for further evaluation. 

° Belt Filter Prsss 

nT^e belt filter press uses two vertically 

solifls RPH btlts t0 s<lueeze water from the 
el„l , ®lt . fllters have been commonly used for 

ai tL 2vn9, ̂hlCh r®^uires Preconditioning such 
sii.ri™ addition of a coagulant and/or a polymer. 

i?in9 £ine particles would require 
preconditioning to improve the dewatering efficiency. 

Initial—Screening: Belt filter presses accomplish the 
Ire® l°°ls .V, V?cur £llters< h°"ever, vacuum filters 
are more efficient for nonfiber or high-viscositv 

T̂ rtlir couhsVaefr°at6i0"iS technol°«' eliminated from 
In Situ Treatment Tfrhnoinni^ £ 

^n^ntai!inat:ed s®?im®nts t0 be remediated are located 
shallow water areas in Union Lake (less than 5 feet deep) Th. 
implementation of in situ fixation and treatmenttechn^o,™ 
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for the sediments would require intensive isolation and 
dewatering of the sediments and would result in higher costs and 
a longer construction period. The long-term stability of the 
treated sediments would be reduced significantly under the 
dynamic water environment. The following chemical and physical 
in situ treatment technologies outlined in Table 2-2 were 
screened relative to their potential applicability and 
feasibility to cleanup the contaminated sediments. 

In situ Chemical Treatment 

The in situ chemical treatment technologies considered involve 
the introduction of an agent that either (a) removes the arsenic 
from the m place sediments or <b> binds it to the sediments in 
such a way that the arsenic is no longer available or capable of 
being leached and resuspended. 

o Extraction 

Description: The sediment is washed with some appro
priate acid, alkali, or other solvent to dissolve or 
solubilize the arsenic. The area to be treated must be 
isolated by a cofferdam and dewatered with pumps. This 
enclosure is then flooded with a solvent using hydraulic 
sprayers. The sediment and solvent are then mixed 
using adequate agitators such as plows, harrows and 
rotary tillers. The elutriate (solvent containing the 
arsenic) is then collected from the isolated area and 
is pumped to a treatment system. 

Initial Scr^fiaing: Most of the sediments in Union Lake 
are composed of organic silts. The in situ water 
extraction would resuspend the fine particles and would 
result in pumping a large quantity of sediment with the 
elutriate to the treatment system. The treatability 
studies showed that these fines were not easily removed 
from the extractant solution. This site-specific 
condition would make in situ extraction no more 
attractive than on-site extraction. It would be very 
difficult to implement this technology. Thus 
construction costs would be higher and construction 
duration would be longer. Therefore in situ extraction 
is not considered a practical technology for the site 
and is eliminated from further evaluation. 

° Grout Injection 

Description: The contaminated sediments are solidified w 
by injecting a mixture of Portland cement, fly ash, 25 
activated carbon and proprietary chemicals. The 
mixture traps the sediments into an insoluble matrix. S 
The mixture can either be injected into closely spaced w 
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holes in the sediment to create vertical columns of 
solidified material or injected into the top layer of 
the sediment, while simultaneously being mixed in with 
rotary tillers to form a whipped layer of solidified 
material. The areas to be treated would be isolated by 
a cofferdam and dewatered with pumps, thus the moisture 
of sediments could be controlled in an effective 
range. In general, the in situ fixation is more 
difficult than the on-site removal/fixation, 
particularly for the sediments under water. 

Initial—SSLESsnifla' Due to the difficulty in obtaining 
moisture control for the in situ sediment fixation, it 
is difficult to assess how effectively the grout will 
penetrate the sediment and how long the grout will 
remain intact. Also, because of the high organic 
content of the sediment and the dynamic water environ
ment, the long-term stability of grout-injected 
sediment is unknown. Due to the uncertainties and 
technical problems with this technology, it is removed 
from further evaluation. 

In Situ Physical Treatment 

There was only one physical 
selected for initial screening. 

in situ treatment technology 

o Vitrification 

Description: In situ vitrification (ISV) is a thermal 
treatment process utilized to stabilize chemically 
contaminated soils in place. ISV destroys organic 
contaminants by pyrolysis and incorporates inorganic 
contaminants into a glass-like material that essentially 
renders these contaminants immobile. ISV involves 
placing electrodes and a graphite/glass mixture in a 
cross pattern in the sediment, then heating the 
sediment to molten temperatures by applying a voltage 
to the electrodes. As the surrounding sediment melts, 
it becomes electrically conductive. The resulting 
vitrified solid mass should be very leach-resistant and 
durable. This process is quite costly and thus has 
been restricted to the treatment of radioactive or very 
highly toxic wastes. 

Initial—Screening; in situ vitrification is still an 
emerging technology, but it is known that if the 
materials to be treated have a high water content, < 
effectiveness is reduced and the costs significan < 
increase. It is unlikely that ISV can be used to tr tf 
sediments under water. The technology is conside 
unimplementable and unreliable and is thus elimin; © 
from further consideration. o 

N> 

O 
Co 

2-33 3 
7103b 



2.4.1.4 On-Site or Off-Site Disposal Technologies 

If one or more of the treatment technologies which incorporate 
removal in Subsection 2.4.1.3 are incorporated into potential 
alternatives, then disposal of the removed sediments and anv 

disposal can beS ̂ "V*80- addresse<3* The requirements fox 
i Eusal can be divided into two categories, dependina on 
whether the sediments are still hazardous or have been treated 
so as to be delistable as nonhazardous materials. Nonhazardous 

be furt-her "tegorized as either wastes or"JefSl 
disDosai materials. There are two general locations for 
disposal, on-site or off-site. The RCRA Land Disposal 
hJonmp ^°r RCRA characteristic and listed wastes will 
become effective May 8, 1990. RCRA landfilling of treated 
sediment that still fails the EP Toxicity Test (or TCLP when 
enacted) for arsenic may not be feasible after that date without 
TahiS6? 9 ment'«. The • following technologies listed in 
Table 2-2 represent various combinations of these waste 
classifications and possible disposal locations. 

Hazardous Waste 

?hfer, ,cat®gory'. three different locations are discussed for 
the ultimate deposition of the contaminated sediments whose 
arsenic concentrations qualify them as hazardous wastes 

0 Construct On-Site rcpa Landfin 

DfififiliRtifln; -A new RCRA Subtitle C containment 
facility could be constructed somewhere within the site 
boundaries to receive the treated sediments that are 
S dellstable. Although permitting requirements under 
^ S n0t re^uired for fund-financed actions 
under CERCLA (USEPA, 1985a), the landfill would have to 

Wi^h if- double liner system; two leachate 
detection, collection, and removal systems; and a 
groundwater monitoring system, according to applicable 
RCRA requirements (USEPA, 1985b). 

According to an interpretation of the "site boundaries" 
given to USEPA Region II by USEPA Site Policy J£d 
Guidance firanch personnel, the "site" consists of the 
Yi?bera x. f property and possibly areas immediately 
fd to the Plant. While Union Lake itself is 
landfn^eart-parti- the vichem superfund site, a 
••on -aC i JUni°n Lake would not be considered 
withii "C8 c ad^acent to the lake are not 
"on-site" landfin ° contamination". Therefore an 
on site landfill would consist of a landfill < 

constructed at the ViChem Plant site itself z 
approximately 10 river miles upstream from Union Lake. 
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Initia 1 Screening: Although landfiliing hazardous 
waste was and still is widely used as a management 
practice, it is now being discouraged by the USEPA 
which makes obtaining approval for construction of a 
/̂aCilll(,tJ--,T®ry difficult- m addition, treatment 
before landfiliing would have to be explored based on 
the recent land disposal regulations. The disposal 
facility^ would be designed to satisfy all the 
applicable regulations. The Vineland Chemical Plant 
site is a viable location for an on-site RCRA disposal 
facility. Although acquisition of site properties may 
be difficult, this technology is retained for further 
consideration. 

0 Construct Off-Site RCRA Landfill 

Description: The construction of a RCRA Subtitle C 
containment facility could be undertaken at some 
location m Salem, Cumberland or Putnam Counties. A 
site in one of these counties would minimize hauling 
distances while still allowing an adequate siting area 
in which to define the optimum location of the 
facility. However, since it would not be located 
within the CERCLA site, federal and state permits would 
have to be obtained. 

Initial—Screening' The permitting process requires 
extensive investigations and acceptance by numerous 
agencies. Important factors affecting the regulatory 
acceptance would be the definition of site conditions, 
r?n^nro c°n;!truct if>n', operation, public concerns, 
closure, and post-closure monitoring. The land 
disposal restriction regulations prohibit landfillinq 
without treatment after November 1988, thus this 
technology may not be feasible without treating the 
sediment. Because of the difficult administrative 
efforts required to site a new RCRA landfill, this 
technology is eliminated from further evaluation. 

° Existing Off-site rcra T.anHfiii 

Description: The waste material could be hauled to an 
existing RCRA Subtitle c landfill facility already 
permitted to accept treated material that is not 

ta^e* T,hls Provi«3es a straightforward solution 
to the disposal problem, but unit costs are high due to 
transport distance and disposal fee structure. In 
addition, volume limitations at a facility may put a 
limit on the quantity of waste that can be disposed of <-
in this fashion. < 
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RCRAfI c i ufrV wn 1 d h 0ff_s.lt.e disposal in an existing 
RCRA facility would have minimal long-term public health 
and environmental impacts. The land disposal restric
tion regulations prohibit off-site landfilling without 
treatment after November 1988, thus this technology ma£ 
te^nionaS- .1lthrUt treatment of the sediment. This 
technology is, therefore, retained for consideration in 
combination with on-site or off-site treatment 

Nonhazardous Wastc> Disposal 

JL ar®enic-contaminated sediment can be treated bv one of 
the technologies evaluated in Subsection 2.4 1 3 in order t-n ho 
delistable and/or classified as nonhazardous; the^ i?s disoosa? 
tZ'"ji 'r'V be limitea to just a RCRA SubtiUe c Facility 

^aiSS°5,1.°£ nonhazardous sediments a« 
denn^ff- o Z.U cate9°ry- These methods address the final 
deposition of the treated sediments, based on their beina 
classified either as waste or as marketable materials. 

PiSPQSal Of Waste Materials 

Tnonhada S^dimfntS determine<3 by the NJDEP as being ID 27 wastes 
(nonhazardous) can be disposed of by the followina landfill 
ocean dumping, and deposition options: ' 

0 Construct On-site Nonhazardous Landfill 

Description: As discussed in the previous category a 
iouid10h Wlthin. .the boundaries of the ViChem Plant site 
would be considered on-site. Because this landfill 
waste a<thePtd^n-ly Wh^ iS considered to be nonhazardous 
similar to h!!?1?! operation requirements would be 
similar to that of a municipal sanitary landfill. 

Initial Screening: Construction of a sanitary landfill 
with associated reduction in hazardous properties of 
the wastes may be acceptable to regulatory agencies and 
Data 1^,7 j,£-the treated raatarial is delistable 
ffixafpd or 4. °n LJ,ke RI su99est that the treated 

*er wash extracted) material could meet 
9 r1equuements' This option is retained for 

urther evaluation as a potential disposal alternative. 

0 Construct Qff-Sife Nonhazardous refill 

PutnamPtrnunfi Somewhere within Salem, Cumberland or 
Putnam Counties, a new landfill could be sited 
designed, constructed, and nneraf^ constructed, and operated to receive the 

^diments. After being filled, it would be 
and monitored. since the waste is not 
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hazardous, requirements for the landfill would be less 
stringent. However, because it would not be located 

h8 c^cpA S1te, federal and state permits would 
have to be obtained. 

Initial—Screening; Again, because of the permittina 
process, the siting studies, and the pu^Hc'I 
reluctance to have a landfill sited nearby, this 
technology is not retained for additional evaluation. 

Existing Qff-Sjte Nonhazardous T.anrjf-m 

Description: An existing licensed landfill could be 
used for the disposal of nonhazardous wastes. There 
would only be disposal costs associated with this 
w?Sn?io9^' • n° C0S1t-S t0 the remediation associated 
with the design, operation and maintenance, closure, or 
wnni^ho"9 a K1W faci.lity- Ifc is assumed that there 
^ ff..be no Problems with using an existing landfill 
havo Nearby landfills have been contacted and 
have the capacity to accept the treated material. 

Initial Screening: Treated materials may be disposed 
m nonhazardous landfills and even used as cover 
material depending upon the delisting classification 
Preliminary investigations into the availability of a 
local landfill willing to accept the treated sediments 
re encouraging, therefore, this technology is retained 
for further consideration. a "eo 

Ocean Dispo^l 

Description: The disposal of nonhazardous, treated 
sediments in the Atlantic Ocean can be considered 
dimo«l'OUid h."1 th® treatea material to an acceptable 
deoSait them thT ln „the. Atlantic 0«an and then 
environmental ,there* Permits and the assessment of 
this technology. "e lraportant considerations for 

—Screening: The current regulations in 40 CFR 
nrJilr27 require a long and involved testing process in 
seS?„anVL a.cqu*5e a Permit to dispose of the treated 
ediments in the ocean. Ocean dumping would require 

constructed baat9es and bar9e loaainp facilities to be 
constructed at or near the site. This would be 
impractical for Union Lake. The treated sediments < 
Rive? t? the "DOI rbSd bn b3r9e down the lower "aurice a 
River to the Delaware Bay. Local citizen groups have 
protested other barge traffic planned for the lower o 

Maurice Rlver. Therefore ocean disposal is eliminated S 

from further consideration. a"° 10 
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o Lake Deposition 

Description; Lake deposition of the treated sediments 
is a cost-effective disposal alternative. Barges would 
haul the material to portions of Union Lake and deposit 
the treated sediment. 

Initial Screening; This disposal activity would 
trigger RCRA requirements including the land ban. 
Therefore any material to be deposited in the lake 
would require delisting. Data from the Union Lake RI 
suggest that the treated material may be delistable. 
Following delisting and the determination that the 
treated sediments are not ID 27 waste, deposition would 
take place. Therefore this technology is retained for 
further evaluation. 

o Plant Site Deposition 

Description; Plant site deposition of the treated 
sediments is a cost-effective disposal alternative. 
The treated sediments would be deposited in undeveloped 
areas of the plant site. Trucks would haul the treated 
sediments to locations within the approximate 17-acre 
available land area. Bulldozers and graders would 
compact and grade the treated sediment. 

Initial—Screening: This disposal activity would also 
invoke RCRA requirements, including land disposal 
restrictions. As discussed previously, any material to 
be deposited on the site would require delisting and a 
determination that the treated sediments are not ID 27 
waste. Control measures would be instituted to monitor 
the effectiveness of the treatment. The effectiveness 
of this disposal option is expected to be high, thus it 
is retained for further evaluation. 

Final Deposition of Usable Materials 

Treated sediments not classified by the NJDEP as ID 27 wastes 
can be considered marketable materials with the following option: 

° Construction Aaorpqafg 

Description: Treated sediments would be hauled to 
nearby construction material vendors and used as 
aggregate in suitable applications. These applications 
could range from fill for highway construction to bed < 
material for lagoons. The physical characteristics of 2 
the material following treatment and the vendor's 
ability to render it suitable to a specific need would 0 
dictate the effectiveness of this option. © 
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Initial Screening: This option would be facilitated by 
delisting treated sediments and subsequently 
identifying beneficial uses for them. Since a 
substantial cost -savings could be realized by 
implementing this alternative for utilization of the 
treated material, it is retained as a process option 
when evaluating remedial alternatives. 

Chemical Treatment - Wafer 

The supernatant water associated with the sediments that would 
be removed by dredging would require arsenic, iron and suspended 
solids removal prior to discharge to Union Lake. In addition, 
the extractant generated from the water extraction process also 
would require arsenic and suspended solids removal. Suspended 
solids removal would in turn remove the arsenic associated with 
the suspended solids. Arsenic and suspended solids removal can 
be achieved by chemical coagulation/flocculation/precipitation. 
Other technologies screened include biodegradation, oxidation 
and neutralization/pH.adjustment. 

O COSqulation/FloCCUlation/Prficipifcafinn 

Description Chemical coagulation/f locculation/pre
cipitation is the addition of chemicals such as ferric 
chloride, lime, sulfide and polymers to precipitate 
metals and suspended solids from solution. 
Flocculation is the gentle agitation of the coagulated 
solids to promote the growth of floe particles to 
increase precipitation rates and removal. 

Inxti91 ̂—Sctoeh^hg* This process is used primarily in 
conventional wastewater treatment systems to remove 
suspended solids. Ferric chloride precipitation is the 
key unit operation for arsenic removal at the existing 
ViChem wastewater treatment plant. Therefore chemical 
coagulation/flocculation/precipitation is retained for 
further evaluation. 

o Biodearadafcion 

Description: Biodegradation utilizes bacteria or other 
microbes to biologically oxidize or reduce contaminants 
by converting the organics to carbon dioxide, water, 
methane and a new cellular biomass. Proper control of 
the treatment environment (pH, nutrients, temperature 
and oxygen) is critical to the reproduction and growth 
of tne microbes. However, bacteria and microbes used H 
for one contaminant may be inhibited by the presence of ^ 
another contaminant. 

o 
o 
to 

.0 
CO 
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Initial Screening: The bench-scale treatability tests 
for the sediment arsenic extraction indicated that thl 
extractant contained a large amount of very fiS 
fh!fenfh°ns' ?^gh in organic content. It is believed 
that these fine particles can be settled out of 
solution by a combination of coagulation/flocculation/ 
precipitation. Therefore there is no reason ?o 
biologically treat the water extractant solution 
fromaJni?K the f*nes' thus eliminating biodegradation 
from further consideration. y a°n 

O Oxidation 

De5crip_tion: Chemical oxidation is utilized to chanop 
less "toxic31 nr° r™ °i  3 materia"fo render ?t 
less toxic, or to change its solubility-, stability, or 
separability, or otherwise change it for handling or 
disposal purposes. Oxidizing agents would include 
hydrogen peroxide, potassium permanganate, ozone 
sodium hypochlorite and calcium hydrochlorite. 

Oxidation processes can be used to treat diluted 
be uTed /s TlVr".9- °*iai«ble organics and can aJso 
be used as an effective process for pretreatina wagfBc 
prior to biological treatment. P'etreating wastes 

Initial RcrePhing: The ViChem wastewater treatment 
plant has utilized potassium permanganate oxidation to 
and dimefhvin.C . <finly monomethyl arsenic acid 
cSnv^ts ^relKC acl ) .to ars«nate. Oxidation also 
converts most of the arsenite into arsenate. Arsenate 
hS • f °f arsen.ic that is most effectively removed 
by chemical coagulation, flocculation and precipitation 
? e^" fOXidaV°n is and imple^ntable and 

therefore retained for further evaluation. 

0 Neutralization/nH Ad-j„p«-rQn1-

Pescription: Neutralization is a process used tn 
adjust the PH (acidity or alkalinity) of a taste I^reaS 
6 0 a?o afCnP wble •JeVel f0r dischar9e, usually between 
as a pre of ?eutrali*ation may also be u£3 
processes" i t po^-treatment step with other treatment 
processes i.e., chemical precipitation. Adjustment of 
fx.__ done by adding acidic reagents to alkaline 
streams and vice versa. diKaune 

° Screening: Neutralization is a conventional < 
waste beforehand/3t6d m33ns of a^usting the PH of a S 
precipitation For th"- chemical oxidation and 
retain^fnr th,S .reaso?' neutralization is o 

u for further evaluation, if required as cart nf a chemical treatment system. squired as part of 
© 
to 

o 
OJ 
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Physical Treatmpnf - Water 

Physical treatment processes that were screened for the liguid 
wastes generated from thickening, dewatering or extracting 
processes include clarification, filtration, ion exchange 
adsorption and reverse osmosis. ' 

o Clarificatiop 

Description: The primary function of clarification is 
to remove settleable suspended solids to produce a 
clear waste stream. The clarifier is equipped with a 
solids removal device to facilitate clarification ™ a 

pr°cess *>j»sis, resulting in a lower solids 
content for the effluent. Clarifier performance is 
anr^th 0IH ̂  set.tlin.g characteristics of the sediment 
and the design criteria. 

.Initial Screening: Clarification, which is a 
segmentation process, has been shown in the 
bench-scale studies to be applicable for removing 
techtofto sol?;Js i n  the dredged supernatant. This 
ivaSat?"! therefore' 1S retained for further 

o Filtration 

Description: Filtration is used to remove organics and 
solids that are not settleable. The use of different 
media is possible, the most common being sand filtra-
tion or mixed media filters, which include sand and 
anthracite. Sand filtration is typically used after 
clarification to remove nonsettleable solids. A mixed-
^!aa J1 ra,tion system consists of a layer of aEESL 
cite and a layer of sand to effect the filtration and 
adsorption of fine particles. This type of filter 
thai3 Tro selectively remove the insoluble particles 
supernatant ̂rese in the suspended solids of the 

—Sc/een*ng: Filtration is applicable to the 
removal of nonsettlable suspended solids and is 
retained for further evaluation. 

o ion Exchange 

Cssciipticil. Ion exchange is a process whereby the 
eleitroiiai- 316 ,fernove<a from the aqueous phase by 
that are heY* ®xcl?ange wKlth relatively harmless ions 

I 7 10n exchange resins. Ion exchange is 
anions iraTfr met?lllc cations and anions, inorganic 
ani acids and organic amines. Fixed bed 
and countercurrent systems are the most widely used ion 
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exchange systems. The continuous countercurrent 
systems are suitable for high flows. The strong base 
anion exchange resins are the most effective resins for 
arsenic removal. 

J nA t ̂ 91—Screening: Bench-scale tests indicated that 
/V6K st.r.°"9 base anion exchange resins in chloride form 
(Amberlite IRA-400 and Dowex AG-I-X8) removed arsenic 
from the groundwater to below the discharge limit level 

J9/1. The ion exchange process would be 
feasible for use as a polishing unit for further 
arsemc removal following the physical-chemical 
precipitation process. However, the need for a 
polishing process unit is not anticipated due to the 
nigh solids and subsequent arsenic removal provided by 
clarification. Thus ion exchange is eliminated from 
rurther consideration. 

Adsorption 

•^pcription: The Process of adsorption involves 
contacting a waste stream with an adsorbent, usually by 
flow through a series of packed bed reactors. 
Adsorption efficiency depends on the strength of the 
molecular attraction between the adsorbent and the 
adsorbate, molecular weight, type and characteristics 
of adsorbent, electrokinetic charge, pH and surface 

Activated carbon has been demonstrated to be an 
ineffective adsorbent for arsenic removal from aqueous 
wastes (Lee, 1982), whereas activated alumina has been 
shown to be an effective adsorbent for arsenic-
contaminated wastewater. 

The bench-scale treatability studies 
performed in the Rl indicated that activated alumina 
adsorption displayed a much better arsenic removal 
efficiency than activated carbon adsorption. Activated 
alumina adsorption could be used as a polishing process 
for physical-chemical treatment for the water 
extractant solution, but as discussed under ion 
exchange, the need for a polishing unit is not 
fSrthe?3consirt Ther.efore adsorption is eliminated from rurtner consideration. 

Reverse Qsmnsis 

Description; Reverse osmosis is the application of 
sufficient pressure to the concentrated solution to 
wlta?°?hr^n^v,0?rtic £res5ure ana £°r« the net flow of 
water through the membrane toward a dilute phase. This 
allows the concentration of solute (impurities) to be 
built up m a circulating system on one side of the 
membrane, while relatively pure water is transported 
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through the membrane. Ions and small molecular 
£omP°u.nds lr} true solution can be separated from water 
by this technique. The basic components of a reverse 

unit ar® th.e membrane, a membrane support 
structure, a containing vessel and a high pressure 
pump. The semipermeable membrane can be flat or 
tubular, but regardless of its shape it can act like a 
filter due to the pressure-driving force. 

— Screening: The bench-scale treatabilitv 
studies indicated that reverse osmosis could be usAi to 
remove arsenic from the contaminated supernatant and to 
ESS" E e"AUent "ith 8 ««»?c concentration 
below 0.05 mg/1. However, this process generated an 

ve^emh^,h vo^me of reject stream and required a 
very high operating pressure. in addition, the 
membrane must be compatible with the waste stream's 
?!!??£« * physical characteristics. Suspended 
solids and some organics will clog the membrane 
material, and low-solubility salts may precipitate onto 
the membrane surface. Therefore, reverse osmosis is 
not a practical or economical technology for the liquid 
extractant treatment and is eliminated from fur?her 
consideration. mrcner 

Qff-Sitft Wastewater TrgaHnfn<-

0 PQTW and Industrial Wastewater Treatment Plant-

Description: Under this technology, the sediment 
nwneHna*tant. or «xtractant would be Piped to a puSicSy 
I tr f 7 ̂0r,k.S (P0TW> or an industrial facility 
for treatment and discharge. At present, a hookup to 
not ST °Lan .1°4ustrial treatment plant does 

exist. A new piping system would have to be 
constructed to transport the wastewater to the area 
plant. 5yStem 0r dir6Ctly t0 the industrial treatment 

Treatment The City of Vineland Sewage 
^ System near Onion Lake was contacted with 

J!!? tw ° acc®Pting the wastewater. They indicated 
their system does not have the extra capacity or 

the adequate treatment processes to handle the larae 
volume of arsenic contaminated wastewater. Therefore 

P0TW technology is infeasible aiid is 
eliminated from further evaluation. 

v?rhfmly ne.arby industrial waste treatment plant is the 
nJt haveWa^!Wa / treatment plant. This plant would 
o? extlLtanf caTpacity. to handle the supernatant 

extractant flow. in addition, the existing ViChem 
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wastewater treatment plant cannot produce an effluent 
with arsenic below the discharge limit of 0.05 mg/1. 
Therefore this disposal option is eliminated from 
further consideration. 

2.4.1.5 Transportation Techno!noi 

l rriSno°HCi?tiSnKWit.h- the, °Ptional off-site disposal technologies 
screened in Subsection 2.4.1.4, complementary modes of transpor
tation must also be considered. The following methods of 
transportation were selected for this screening process. 

o Truck 

Description; There is limited road access to the 
site. Trucks would probably be used to bring in 
equipment and materials for remediation. in addition 
watertight trucks or tanker trailers could be used to 
haul and transport sediment and treatment sludge 
Trucks would be properly decontaminated, weighed, and 
manifested before leaving the site. Stringent 
regulations and special permits for hauling hazardous 
materials, and oversized and heavy loads over public 
highways would have to be taken into consideration! 

Initial Screening: This is a highly acceptable mode of 
transportation. The operation is flexible, since the 
number of trucks being utilized can be increased or 
decreased depending upon the requirements. The mode of 
transportation does not require special loading 
f C V L  e Pr°3ect site or unloading facilities 
at the disposal site. Trucks are therefore retained 
for further evaluation. 

Pipeline 

Description: A pipeline system consisting of pipes or 
tubing could be used to convey materials. It can be 
used to handle both liquids and solids; however, the 
solids must be in a slurry form with a water content of 
at least 40-60 percent. Hydraulic dredging 
technologies produce such a slurry, requiring a 
pipeline to carry the sediments to a dewatering 
device. A pipeline can be a very costly system 
especially if booster pump stations are required to 
overcome steep changes in elevations and pumping 
Qistdnces• 

Initial—Screening: A pipeline to the disposal site 
only for the duration of the construction period would 

®Ay exPensive- In addition, routing of this 
Si ?Jine t!irough various towns and along the roads 
would require numerous permits. This technology is 
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2.4.2 

eliminated for the disposal option. However, pipelines 
that are an integral part of a remediation process for 
conveying dredged/treated material from one unit to 
another unit are retained for further consideration. 

Selection of Representative Technologic 

Table 2-3 presents the results of the evalnatinn n* 
technologies performed in this section and the selection of 
representative technologies. This table identifies those 
technologies that are not feasible and have been eliminated from 
that wilY3 he0t on""h• TSe alSO ldenti£i« the TeShnotgiea 
evaLatid in Sect°o„l3 0. 1 temedial alternat« a"d further 
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TABLE 2-3 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS 

NO ACTION REQUIRED FOR CONSIDERATION 

K> 
4̂ . 
<y> 

CONTAINMENT 
OF 

SEDIMENT 

CAP 

CLAY 

SYNTHETIC 
MEMBRANE 

COVERING COARSE SAND 

COMPACTED CLAY OVER AREAS 
OF CONTAMINATION 

SYNTHETIC MEMBRANE OVER 
AREAS OF CONTAMINATION 

CHEMICALS OR CEMENT FORM 
STRONGER AND LESS PERMEABLE SURFACE 

WOVEN MATERIAL PLACED OVER 
SEDIMENTS TO LIMIT MOVEMENT 

COARSE SAND COVER PLACED OVER 
CONTAMINATED SEDIMENTS 

STONE OR GRAVEL PLACED OVER 
CONTAMINATED SEDIMENTS 

MADE FROM FILTER FABRIC AND 
SUSPENDED BY FLOATS OR STAKED 
INTO SEDIMENT TO REDUCE TRANSPORT 

EARTH AND ROCKFILLED STRUCTURES 
USED TO ISOLATE AREAS FROM 
CONTAMINATION 

DRIVE SHEET PILE AROUND 
AREAS OF CONTAMINATION 

NOT FEASIBLE UNDER SUBMERGED LAKE 
SEDIMENTS.BUT IS SUITABLE FOR LANDFILL 

POTENTIALLY APPLICABLE FOR 
USE W/MULTILAYER CAP 

SUBJECT TO LAKE EROSION AND 
CRACKING. ALSO APPLICABILITY 
IN WATER IS UNKNOWN 

NOT FEASIBLE BECAUSE IT IS 
SUBJECT TO BIOTA ATTACK AND 
REQUIRES CONTINUAL MAINTENANCE 

POTENTIALLY APPLICABLE 

SUBJECT TO LAKE EROSION, MAY NOT 
PREVENT PLANT GROWTH. AND DOES 
NOT PREVENT ARSENIC LEACHING 

WOULD BE EFFECTIVE IN MINIMIZING 
RESUSPENDED PARTICLE MIGRATION 

ADVERSELY IMPACTS THE LAKE 
KUL.CALLY AND MAY CAUSE BACK
WATER FLOODING AND SCOURING 

NOT REQUIRED SINCE SEDIMENTS 
CAN BE REMOVED BY DREDGING 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION 

to 
I 
-J 

TREATMENT 
OF 

SEDIMENT 

COMPLETE OR 
PARTIAL 

REMOVAL 

EXCAVATION 

HYDRAULIC 
DREDGING 

V/DRE DCM(i///\ 

V. 

EXCAVATION OF SEDIMENTS IN 
LAKE AFTER DRAWDOWN IS COMPLETED. 

CLAMSHELL OR BUCKET LOADERS 
MOUNTED ON BARGES EXCAVATE 
SEDIMENTS IN-PLACE 

UTIUZES WATER TO TRANSPORT 
SEDIMENTS AS A 10 TO 
20% WEIGHT SLURRY. FOUR TYPES 
OF HYDRAULIC DREDGES ARE 
COMMERCIALLY AVAILABLE 
USE COMPRESSED AIR AND 
HYDROSTATIC PRESSURE TO DRAW 
SEDIMENTS TO A COLLECTION HEAD 
AND THROUGH A TRANSPORT PIPE 

TREATMENT WILL EVAPORATE WATER 
DESTROY ORGANIC MATTER. AND 
VAPORIZE VOLATILE METALS 

ELEVATED TEMPERATURE AND 
PRESSURE ARE USED TO OXIDIZE 
ORGANIC COMPOUNDS 

SCREENING COMMENTS 

A LOW GROUND PRESSURE BACKHOE 
CAN EXCAVATE LAKE SEDIMENTS 
AND BULLDOZERS AND FRONT-END 
LOADERS CAN PROVIDE SUPPORT 

REQUIRES WATER' DEPTH OF AT 
LEAST FIVE FEET AND CAUSES 
RESUSPENSION OF SEDIMENTS 

?.y.9319N/DUSTPAN- CUTTERHEAD AND 
HOPPER DREDGES CANNOT OPERATE 
IN 2.5' OF WATER. 
PORTABLE HORIZONTAL AUGER CUTTEP 
DREDGES ARE SUITABLE FOR USE 
SOME UNITS REQUIRE A MINIMUM 
DEPTH AND ARE CURRENTLY BEING 
EVALUATED 

NOT FEASIELE DUE TO INORGANIC 
ARSENIC CONTAMINATION 

NOT APPLICABLE TO SOLIDS 
AND INORGANIC CONTAMINANTS 

"35 id 
WITH SEDIMENT TO SOLUBILIZE 
AND LEACH ARSENIC INTO SOLUTION 

TECHNOLOGY WAS NOT FEASIBLE" 

CHEMICAL 
TREATMENT EXTRACTION 

EXTRACTION OF CONTAMINANT USING 
WATER, SOLVENT, WETTING AGENT,OR 
ANY COMBINATION OF THE THREE 

TREATABILITY TESTS SHOWED THIS 
TECHNOLOGY TO BE FEASIBLE 

FIXATION 
CHEMICAL PROCESS THAT CONVERTS 
CONTAMINATED SOIL INTO A CEMENT 
MATRIX WITH MINIMAL FREE. 
UNLEACHABLE WATER 

TREATABILITY TESTS SHOWED THIS 
TECHNOLOGY TO BE POTENTIALLY 
FEASIBLE 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS 

N) 
I 
£* 
00 

TREATMENT 
OF 

SEDIMENT 

HYDROCLONES 

GRAVITY 
THICKENERS 

CENTRIFUGE 

VACUUM FILTER 

DESCRIPTION 

SLURRIES ARE PUMPED TANGENTIALLY 
INTO THE HYDROCLONE CAUSING 
MOST LARGE PARTICLES TO BE 
TRANSPORTED TO THE WALL AND 
OUT THE BOTTOM. MOST OF THE 
WATER AND FINES LEAVE AT THE TOP 

UQUIDS ARE SEPARATED FROM THE 
SEDIMENTS BY GRAVITY DRAINING 
THROUGH A PERMEABLE LAYER 

SIMILAR TO CIRCULAR CLARIFIERS 
BUT HAVE A STEEPER SLOPE AND 
HEAVIER RAKING AND PUMPING 
MECHANISM 

A UNED BASIN/LAGOON IS FILLED 
WITH SEDIMENT/SLURRY AND AFTER 
SUFFICIENT TIME THE SUPERNATANT 
IS PUMPED OUT 

SIMILAR TO REGULAR DRYING BEDS 
BUT A FLOCCULANT MIXER WITH 
SEDIMENT SLURRY AND A VACUUM IS 
USED TO PULL THE WATER THROUGH 
A PERMEABLE MAT 
ULTRASONIC VIBRATIONS ARE USED 
TO REMOVE WATER FROM SOLIDS 

CENTRIFUGAL FORCE SEPARATES 
SOLIDS FROM LIQUIDS 
BY DENSITY DIFFERENCES 

SEDIMENTS ARE FORCED UNDER 
PRESSURE AGAINST A FINE CLOTH 
THAT PERMITS THE WATER TO PASS 
THROUGH 

A ROTATING CYLINDER WITH AN 
INTERNAL VACUUM PULLS WATER 
THROUGH A FILTER CLOTH LEAVING 
THE SOLIDS ON THE OUTSIDE 
A HORIZONTALLY OR VERTICALLY MOVING 
BELT USES VACUUM AND/OR ROLLERS 
TO PULL WATER THROUGH THE BELT 

SCREENING COMMENTS 

FEASIBLE FOR SEPARATING FINES 
CONTAINING HIGH ARSENIC CONTENT 
FROM THE LARGE SANDY MATERIAL 
IN THE SEDIMENTS 

REQUIRES A LARGE LAND AREA AND 
IS LABOR INTENSIVE. OTHER 
TECHNOLOGIES ARE MORE SUITABLE 

CAN BE USED TO THICKEN SEDIMENTS 
PRIOR TO EXTRACTION OR FIXATION 

THIS IS IMPRACTICAL TO IMPLEMENT 
BECAUSE THE EXCAVATION IS 
AROUND THE ENTIRE PERIMETER OF THE LAKE 

REQUIRES A URGE UND AREA AND 
IS LABOR INTENSIVE. OTHER 
TECHNOLOGIES ARE MORE SUITABLE 

THE APPLICABILITY OF THIS 
TECHNOLOGY TO SEDIMENTS WITH 
A HIGH ORGANIC CONTENT IS UNKNOWN 

FEASIBLE FOR SEPARATING FINES 
CONTAINING HIGH ARSENIC CONTENT 
FROM THE URGE SANDY MATERIAL 
IN THE SEDIMENTS 
THIS TECHNOLOGY IS VERY UBOR 
INTENSIVE AND HAS A LIMITED CAPACITY 

FEASIBLE TECHNOLOGY FOR 
DEWATERING SEDIMENTS 

THIS ACCOMPLISHES THE SAME RESULT 
AS THE VACUUM FILTER BUT IS 
MORE COSTLY 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS 

TREATMENT 
OF 

SEDIMENT 

K) 
I 

42. 

VO 

AREA TO BE TREATED IS ISOLATED 
DEWATEREO BY PUMPING AND FLOODED 
WITH A SUITABLE SOLVENT TO 
DISSOLVE THE ARSENIC 

SEDIMENTS ARE SOLIDIFIED BY 
BLENDING WITH A CEMENTATION 
MIXTURE 

ELECTRODES AND A GRAPHITE GLASS 
ARE PLACED ON A GRID AREA AND 
ARE USED TO VITRIFY THE SEDIMENTS 
WITH A HIGH ELECTRIC VOLTAGE 

DIFFICULT TO IMPLEMENT AT 
AT THE SITE 

NOT SUITABLE FOR SEDIMENTS 
WITH HIGH ORGANIC CONTENT 

NOT SUITABLE FOR SEDIMENTS 
WITH A HIGH WATER CONTENT 

WJNSIKUCI NtW RCRA SUBTITLE 
LANDFILL ON THE PUNT SLTE 

CONSTRUCT NEW NONHAZARDOUS 
LANDFILL ON THE PUNT SITE 

TREATED SEDIMENTS ARE DEPOSITED 
IN THE DREDGED/EXCAVATED AREAS OF 
THE LAKE 

TREATED SEDIMENTS ARE DEPOSITED 
ON THE PUNT SITE 

I HIS IS FEASIBLE BECAUSE 
THE NECESSARY UND IS PROBABLY 
AVAIUBLE AT THE PUNT SITE 

THIS IS FEASIBLE BECAUSE 
THE NECESSARY UND IS PROBABLY 
AVAIUBLE AT THE PUNT SITE 

POTENTIALLY FEASIBLE FOR 
DEUSTED SEDIMENTS 

POTENTIALLY FEASIBLE FOR 
DEUSTED SEDIMENTS 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS 

N> 
I U1 
o 

DISPOSAL OF 
SEDIMENT 

AND 
SLUDGE 

OFF-SITE 
DISPOSAL 

EXISTING OFF-SITE 
RCRA LANDFIII 

EXISTING OFF-SITE 
NONHAZARDOUS 

LANDFILL 

W 

CONSTRUCT RCRA LANDFILL 
AT AN OFF-SITE LOCATION TO 
DISPOSE OF CONTAMINATED SEDIMENTS 

DISPOSE OF CONTAMINATED SEDIMENTS 
IN AN EXISTING OFF-SITE 
RCRA LANDFILL 

CONSTRUCT NONHAZARDOUS 
LANDFILL AT AN OFF-SITE LOCATION 
TO DISPOSE OF NONHAZARDOUS 
SEDIMENTS 

DISPOSE OF NONHAZARDOUS 
SEDIMENTS IN AN EXISTING 
OFF-SITE NONHAZARDOUS LANDFILL 

DISPOSE OF SEDIMENTS IN 
THE ATLANTIC OCEAN 

TREATED SEDIMENTS TAKEN TO A 
CONSTRUCTION FACILITY FOR 
USE AS CONSTRUCTION MATERIAL 

PimCULT TO IMPLEMENT AND 
LANDBAN RESTRICTION MAY 
REQUIRE TREATMENT OF SEDIMENTS 

POTENTIALLY APPLICABLE 

DIFFICULT TO IMPLEMENT NEAR 
THE SITE 

POTENTIALLY APPLICABLE 

DIFFICULT TO IMPLEMENT AND 
STRONGLY OPPOSED BY THE PUBLIC 

POTENTIALLY APPLICABLE 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOI OOY PROCESS OPTIONS DESCRIPTION 

tn 

CHEMICAL 
TREATMENT 

COAGULATION/ 
FLOCCULATION/ 
PRECIPITATION 

OXIDATION 

NEUTRALIZATION 

FILTRATION 

PHYSICAL 
TREATMENT 

CLARIFICATION 

A 

SCREENING COMMENTS 

CHEMICALS ADDED TO SOLUTION 
TO INCREASE PRECIPITATION 
RATES OF SUSPENDED FINES 

CONTROL THE ENVIRONMENT CHEMISTRY 
TO PROMOTE BACTERIAL GROWTH 
TO NEUTRALIZE CONTAMINATION 

ADDITION OF OXIDATION AGENTS 
TO OXIDIZE DISSOLVED SPECIES 

ADDITION OF ACID OR ALKALI TO 
ADJUST THE SOLUTION PH TO 
BETWEEN 6.0 AND 9.0 

A SETTLING CHAMBER FOR 
COLLECTION OF SETTLEABLE 
SUSPENDED SOLIDS 

SAND OR CHARCOAL FILTER IS 
USED TO FILTER SUSPENDED 
SOUOS IN A SUPERNATANT 

SUPERNATANT IS PUMPED THROUGH 
A FIXED BED OF ION EXCHANGE 
RESIN WHICH REMOVES THE iONS 
IN SOLUTION 

SUPERNATANT IS PUMPED THROUGH 
A FIXED BED OF CARBON OR 
ACTIVATED ALUMINA AND ADSORBS 
DISSOLVED SPECIES 

APPLICABLE FOR TREATMENT OF 
SUPERNATANT FROM THE EXCTRACTION 
PROCESS 

LIMITED APPLICABILITY FOR 
TREATING ARSENIC CONTAMINATION 
AND IT IS NOT REQUIRED TO 
TREAT THE FINES IN THE LIQUID 

APPLICABLE TO OXIDIZING DISSOLVED 
ARSENIC IN THE SUPERNATANT FROM 
AN EXTRACTION PROCESS 

MAY BE REQUIRED TO TREAT 
SUPERNATANT FROM AN EXTRACTION 
OR FIXATION PROCESS 

MAY BE REQUIRED TO TREAT PROCESS 
WATER FROM AN EXTRACTION 
OR FIXATION PROCESS 

MAY BE REQUIRED TO TREAT 
SUPERNATANT FROM AN EXTRACTION 
OR FIXATION PROCESS 

THIS TECHNOLOGY IS MAINLY USED 
AS A POLISHING UNIT WHICH 
IS NOT REQUIRED 

THIS TECHNOLOGY IS MAINLY USED 
AS A POLISHING UNIT WHICH 
IS NOT REQUIRED 

PRESSURE APPLIED TO A SOLUTION 
FORCES WATER THROUGH A MEMBRANE 

NOT ECONOMIC OR PRACTICAL 
FOR DILUTE SOLUTIONS 
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TABLE 2-3 (CONTINUED) 
SUMMARY OF REMEDIAL TECHNOLOGY SCREENING 

RESPONSE 
ACTION 

REMEDIAL 
TECHNOLOGY PROCESS OPTIONS DESCRIPTION SCREENING COMMENTS 

DISCHARGE OF 
PROCESS 

WATER 

KJ 
I 
U1 
to 

WASTEWATER SENT TO POTW 
OR INDUSTRIAL WASTEWATER 
TREATMENT PLANT 

PROCESS WATER IS DISCHARGED 
TO THE LAKE VIA A PIPELINE 

NO POTW CAN ACCEPT THE 
THE FLOW AND NO INDUSTRIAL 
WASTEWATER TREATMENT PUNT 
EXISTS IN THE AREA 

APPLICABLE TECHNOLOGY FOR DISPOSAL 
OF PROCESS WATER 

TRANSPORTATION TRANSPORTATION 
TECHNOLOGIES 

TRUCK 

PIPELINE 

TRUCKS CAN BE USED TO HAUL 
SEDIMENTS, SLUDGE AND TO 
TRANSPORT EQUIPMENT 

USED TO CONVEY SUPERNATANTS 
OR SLURRIES 

APPLICABLE AS SUPPORT FOR 
MANY TECHNOLOGIES BEING EVALUATED 

APPLICABLE AS SUPPORT FOR 
MANY TECHNOLOGIES BEING EVALUATED 
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3.0 DEVELOPMENT AMP SCREENING OF REMEDTAT. AT.TRBWATTypp 

In this section, the technically feasible remedial technologies 
identified in Section 2.0 are grouped into potential remedial 
action alternatives. These alternatives are screened based on 
effectiveness, implementability and cost considerations. The 
purpose of the screening step is to identify alternatives that 
have sufficient merit to undergo detailed evaluation. This is 
achieved by eliminating remedial alternatives that have signifi
cant adverse environmental or public health impacts. Costs may 
be used to discriminate between treatment alternatives in the 
screening process, but not between treatment and non-treatment 
alternatives. 

The purpose of the initial screening is to narrow the number of 
potential remedial alternatives for detailed analysis while 
preserving a range of options. The discussions and evaluations 
comprising this screening are not intended as a substitute for 
or a supplement to the detailed analysis of the alternatives 
conducted in the next section of this report. 

3.1 DEVELOPMENT OF REMEOIAL ALTERNATIVES 

A remedial action objective has been established for the reme
dial program for Union Lake. This objective was presented in 
Section 2.2. 

In order to achieve the established remedial action objective, 
response criteria are first developed to evaluate the accepta
bility of environmental and public health impacts and the antici-

performance of the alternative. This step establishes 
ARARs and other appropriate criteria in order to define perfor
mance requirements and potential human risks associated with the 

/,aC.tioii" J_.Next' potentially applicable technologies 
ed Section 2.0 are used to develop comprehensive 

medium-specific remedial alternatives on the basis of operation 
and performance compatibility, and the use of acceptable 
engineering practices. Finally, the alternatives are evaluated, 
y?, .a. general sense, with respect to effectiveness, implementa-

*n?i C°- criteria. Each step of the process is described 
in the following sections. 

3.1.1 Development Of Remedial Response Criteria 

This subsection identifies and describes the use of applicable 
?Ja rTflevanlk .and appropriate requirements (ARARs) in evaluating 
the Union Lake remedial alternatives during feasibility studies. 

3.1.1.1 Use of ARARs in Remedial Alternative Evaluation 

provide specific guidance on standards that 
5?;" "L"1manage uncontrolled hazardous substance 
sites. The USEPA subsequently developed the ARAR concept to 

9483b 
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-rpuMil heTuhUBntatPu"eVTn 

Acf7ŝ a)C,tmtfe °USEtpvsSUAlI|UnouiJrnn,'Jment a"d âuthorization 
National Contingency Plan $£> aid the "i* COnt„ained in the 
Compliance with SLer Ent^ °n ?ERCLA 
Policy), which was published as an appendix to the HCP siif?£e 

changes. SMoit Tmpo^taiitfy Sectior^21CdeC*Pt ***** severa" 

asŝ si. 

* ̂"'"e/izrthe performance7\ev^V"that 

mg on a CERCLA site based nn I-K« ««JL • ®c 1S legally bind
er location of the site ?n Jtl contaminant, remedial action, 

sLS7,'rlSlî  
sufficiently t^'ho^co^^^ 

remedy TlteUt"'?* se^Mo"3"^9 «",etfo™an« qoals'for 
requirements are given equal weich t a"d • ®PPr.°P'iate 
applicable requirements ' 9ht and oonsi^ration as 

"a£ crateria^^advisories^'kgui^Vm^^or^proDosed^ ?*ral a"d 

^^dt^ofe0tCoanSsT» M 

evaluate^for'use." Ms bI 
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Eaeh type of ARAR can be characterized further as (lV 
contaminant-specific; (2) action-specific; and (3) locatiM-

\ contaminant-specific ARAR sets health and risk-
«snoc ^concentration limits in various environmental media for a 
acao1 t hazai^dous substance or contaminant. An action-specific 
confrnfe Performance, design, or other similar action-specific 
ARAR 8eta°m^rfr- " ren!®dial activities, A location-specific 
ARAR sets restrictions on the conduct of activities in particular 
distrJc": aSna others"®"8"135' £l0011 plainS' natlonal ""oric 

3.1.1.2 Identification of ARARs for Union Lake 

f^!raSi6Ctl a11 Presents a listing and general discussion of the 
federal and New Jersey ARARs and "To Be Considered" 
material utilized in this FS. considered (TBCs) 

3.1.1.2.1 Listing of ARARs and TBCs 

This listing is organized into the categories described above, 

o Contaminant-specific 

Federal and New Jersey Drinking Water Maximum 
Contaminant Levels (MCLs) 

Federal Clean Water Act Water Quality Criteria 

- New Jersey Surface Water Quality Standards 

o Location-Specific 

U.S. Fish and Wildlife Coordination Act 

- National Endangered Species Act 

- Federal Floodplain and Wetlands Executive Order 

- Federal Floodplains and Wetlands Policy 

plrmUReTuiremSnts Facilitr Review Act <CAF«A) 

" RequirementsWSt£andS <C°aStal aDd FreSh Mat«> Pe™" 

" £c"o„'«4 Standards0' SeC"°n l°/Clean 

Requirements ^ Er°Si°n a"d Sedlment Contto1 55 

< 
H 
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o Action-Specific 

Federal and New Jersey Hazardous Waste (Resource 
Conservation and Recovery Act) Treatment/Storage/ 
Disposal Facility Requirements 

~ ?PPPI?\ R®s°Hrce Conservation and Recovery Act 
(RCRA) Land Disposal Restrictions (LDR) 

Nev? Jersey Nonhazardous Waste Landfill 
Facility Criteria 

- Clean Water Act NJPDES Discharge to Surface Water 
Requirements 

" Hazardou^-Responses ""lth ACt «ts for 

" Identif icationr^StiC IeStin9 ,or "»«*>»« «"te 

Federal and New Jersey Transportation Requirements 
for Hazardous and Nonhazardous Waste 

New Jersey Toxic Substance Air Pollution Standards 

New Jersey Ambient Air Quality Standards 

National Historic Preservation Act 

3.1.1.2.2 General Discussions of Key ARARs and TBCs 

JhlJ a™*??1?* pxese?ts general discussions of ARARs and TBCs 
that are the key requirements in remedial alternative evaluation 
and comparison The focus of these dl5S5iiISnS ii SS 
menrn9ra1thern9thanWeen ®"ernatives based upon ARAR/TBC attain-
AI^S/TBCS^themsheTve^°Vldin9 exhaustive description of the 

° Standards and NJPDES Discharge 

levels^that provide "atex <Juality standards furnish ambient 
ihl? w pxovxde for the protection of freshwater svstems 

USed £or r®creational, domestic, potable, Md/or 
agricultural uses. The NJPDES effluent limits are set 

fjceedance of standards following discharge in and 
mixing with surface waters. To ensure that surf Le wafer 

surface-water arT^ed^ 

goal^for ^ °pe"tion 
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This calls for a Stage IA survey to be performed durina fho 
design phase if a remedial action is taken. The Staae IA survpv 
requires a literature search to identify arels of9 histo^cal 
significance which should be protected during a remedial 

aJeas^ofhia^Vriea? Sl?rv®y does not cal1 for field surveys for 
Jlstorical significance. The USEPA Region II was 

informed of this requirement by personnel from the USEPA•« 
Environmental Impacts Branch (EIB). USEPA s 

o RCRA Regulations} 

Soils and sediments with arsenic are considered a "RCRA 
Sastr#oroof,1C"ifhfhaerd°US "aste <40 CFR "1-24. USEII Hazardous 
waste #0004), if the arsenic concentration levels in an extrart-

by EP Tonicity Test from a representative seSiMnf 
so??. the EF T°*icity Test threshold level of 5 0 Si 
Soils containing by-product salts from the DroduoUnn 
monosodium methanoarsenate (MSMA) (RCRA listed waste K 031? anH 
ha^rd?tS co"tanlinated by K 031 are considered a lis?ed 
<40 OT I*"" ". b6Cause they were derived from a listed waste 

MSMA by-product salt improperly stored on-site is believed to be 
£LS0UIS? °Vhe arsenic contamination detected in sampling to 
soils anTSr'; thlS FS ?®port' ViChem arsenic-contaminlted 

^ sediments sre considered a PPPA I i w •* * 
UsISh^dthe ̂ -^oduOcntS1sae1rtd„a%tReCRAKll03tiea \\"£™uThl 
OKI . hazardous constituent of concern for K 031 (see 40 CPE 
? A?F®ndlx vll)- Guidance on this classification was received 
from USEPA Region II RCRA Branch and USEPA^ Headouarters 
Policy and Guidance Branch (SPGB) personnel Headquarters site 

° RCRA fraud Disposal ReatrjrHons rr.ns.i 

a^.aLDRs wer® exacted to prohibit the disposal of untreated 
wells arfd "oatSher f" lana"31s- surface impoundments, injection 

- ^ other forms of land disposal facilities Th. ,m. 

ment standa^ds ^"hUardous^Vas'tes8 p^to®7linTd'is'^r 
suKecthatoaCRtce^1\tDRsWaSt,6S ana RCSA Usted "asardous wasted are 

(by-|roducr salts"0frometthrel°5ed; • The RCRA listea Maste K 031 
»pTr^ Thfnri.. r JJr° ® Production of MSMA) is part of the 

st-Third of RCRA waste that is subject to the LDP 
hammer" requirements as of August 1 1988 Th« illfj h J 
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reaui^Mn^^iirnn 3 -landfjU that meets minimum technology 
requirements (MTR) under two conditions: (l) the generator 
demonstrates and certifies to the USEPA that either no treatment 
tr2a?^°?y 1S. Practlca.ny available; or (2) the waste has been 

when ft thhiarudsEPA 

!istaea1w«?e%BBDpfoMMntdeadd "* 199°' la"d dlsposal °f the 

Delisting 

As discussed above, the Union Lake sediments are a RCRA listed 
toZRC^1SSPGBte thisdw°anttheir ffriKVati0n from K 031 • According 

f J? e -could be declared nonhazardous and 
excluded from the protective management restraints of RCRA 

through a delisting procedure. In USEPA practice a 
Snii* i"! excluslon on a "generator-specific" basis may 'be 
as cart nf^fn alHready: generated or anticipated for generation 
/JLJi" industrial process. in this CERCLA case, in 
comparison, arsenic-contaminated sediments are present on a 
Superfund site and will be treated and disposed of as part of 
the remedial action selected for the site. 

iJi-8-1?9 fan b? done in three ways: (1) by a petition to the 
^"1St/a„t0r °f USEPA; (2) by a rulemaking petition to the 
5^3 ? b ^ Jersey, which was delegated delisting authority 53 
Efidfiiai Register 30054 (August 10, 1988); or (3) by a determina
tion of the Regional Administrator of UsJPA Region II in t^e Sod 
??d. on compliance with the delisting standards. A delistina 

petition submitted under 40 CFR 260.20, or the equivalent 
Jersey regulation, allows any person to petition, to modify or 
to revoke any provisions of Parts 260 through 268 124 270 anH 

CFR O260Tl22le "or ^he^o^sT Kequlafio^ and "S 
specifically "fTe 
waste on a -generator-specific- basis "om the hazardous waste 

Sof" thê cri ter ia 6 undê d̂fteĥ thê wâ V ̂as 

uyjsSr 
IS ss t£o°{IS 
oSl AMOrdina 1 v"3 . C0Uld cause the Maste t0 b« hazard-

• Accordingly, a petitioner must demonstrate also that- the. 

a ee aT,Snintabiemvbit JZZS* -V *»«*>" "asU'châ ctlrist Sf 
vi.e., ignitahiiity, reactivity, corrosivity and ep To*ini+-v\ 
and present sufficient information for the USEPA, or NJDEP to h 
determine whether the waste contains any other fozicants at 3 

hazardous levels (see 40 CFR 260.22, 42 u s r 5 
USEPA's background documents for thelisted «itis) Althn^f 
wastes that are -delisted- (i.e., excludlafh^fbl'en e"M 

O 
o 
to 
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DOt th7 ezhibit of the character!*-
hazardous waste, generators remain obligated to determine 

ether their waste remains nonhazardous based on the hazarflnne waste characteristics. a on tfte hazardous 

evhth^io 4-if q ires den}ons.trating that the material no lonaer 
»nS characteristic for which it was initially listed 
and that no hazardous constituents of concern are present in 
o? th» • Factors considered for delisting include the nature 

S.^KSl'l lL"S5SS£iSr migration^1" thenaquantity o^ tUl 

?: >ssrx< z\*v hH£5rf£ 
sM^ted'f'or'^hfirLrr63",.6 aepends the?iltimate di'sposa! 
section? treated waste, as discussed in the following 

Fo5. .off-site nonhazardous disposal, a petition fniimra^ k 

or the <=St^tet <?£* M°d W?Ul<3 enal?le the Administrator of US/PA? 

exclude f^te^froT reSon^ a^a^s ̂.'"'SJ'siS 
nonhazardous disposal permits the Regional Administrator Jo 
SiJhwt \u of® tie JJo T' r\h PUbliC C O n m e n t  o n  the ROD hut 
without all of the procedural steps of a formal rulemaking. 

iSa NJ°P ?enerally utilize the VHS model for evaluat-

S potential8for 

DeTa" 
FR 7882 (February 26, 1985) and Ô £ VTTIMS) ?° 

MY AI55!?R T HÊ E'RC* RAIDISPERSIVITY AND CVERTICA 1 £?! 

THE LEACHATE, DETERMINEDLY THE EP TI 

?̂ etvaeiuesSPf0oSr1thSeit̂ d.diiPtated * "e "ô 'of Z\tT aK 
Tho true * i the model s parameters were fixed by the USEPA 
CENTRAT^ONE AT °UTPUT= HYPOTHETICAL HAZARDOUS CONXITUENT CO*: 
SITE? GROUNDWATER RECEPTOR 500 FEET FROM THE DISPOSAL 

«mmtehrecieaVieutsetbyt t̂ e*Nmlf̂ UeVnaV* de6m£d WP'i'te FOR 
AIR OR SURFACE WLTE^ A^ELE^NVYOV == 
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addition to the VHS model, a risk assessment, which has alreadv 
stJateP\rha0tmthe treated sediments' would be utilized to demon-

nLm t ^treated waste represents an acceptable risk that 
environment determined is Protective of human health and the 

Substantive Delisting DemnnstraHnn 

Toxicity1 eltraT^ forb t^i1^ del.istin9 requirements, the EP 
luzicicy extract for total arsenic must be ies« than 
computed fortius VHS model. Utilizing 131,000 cubic yards aj 
HM/J !kV°i, Si °v contaminated sediments, the VHS model was 
tho'A- back-calculate" a maximum EP Toxicity concentration in 

+-Sp°4-S- waste, which would correspond to a receptor well 
bv the mg/1 °f arsenic, the MCL. MCLs are used 
TP HT d®llst,in9 Program as the levels of regulatory concern 

delisting is performed by the Regional Administrator, the ROD 
would need to solicit comment on the appropriateness of utii?? 
ing the VHS model to evaluate the waste. utiliz-

sedia,entf' the EP Toxicity extract must be less than 
0*05 rn2/i n1066^ 8 hyP°thetlcal "at the well" concentration of 
0.05 mg/1. Based on the treatability studies other ^nfnrm=n« 
gathered during the RI, and with USEPA Region'II concurrence it 
is assumed that the treated material (fixated or extracted) will 
?™?VVn EP, 1oxicitY extract concentration that wTli ®eit ^e 
level of regulatory concern, as predicted by the VHS model. 

studio ~Xh-City* TeStS conducted in the fixation treatability 
studies achieved an arsenic concentration in the extract of 

1 m9/1: At the time the tests were performed, the 
t l l r t n*. -ng criterion was believed to be an EP Toxicity 
extract arsenic concentration of 5 mg/1, which the oriainaif 
treatability testa clearly achieved. Different foliation, 
addi."6 addition rates were not tried, nor were 
additional mixtures tried to determine tho * were 
concentration that could be achieved in the EP Toxicity extract° 
since the target concentration (less than 5 mg/1) was achieved. ' 

TheiJe^d°fS W.ho Perforn*ed the fixation tests indicated that it 
l°mg/i totVlS1ars a<LhieYe a leachate concentration lower than 
LSr *arsenlc by increasing the amount of proprietary 
Te?enhr,r,l ? • .flxatlon formulation (Falk and Gironda -
oraanic coifteTf1111 P? 1988). As the sediment has a high 
organic content, the amount of powdered activated rarhnn 

confirma'tioT13:10̂  *1S°-  ̂ Vhê for̂ TasaTon 
confirmation oy the vendor, it is assumed, with USEPA Reaion TT 
achieved' EP^To^i. contarnina'ei3 sediment could be fixated to 
acnieve an EP Toxicity concentration of less than n mn/i 

substantive * delist*8 would.enable th. fixated materfals to mleJ < 
VHS model to evalua'te9 h"** 00 °£ "» 8 

o 
o 
to 

© 
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Ifc iSj. J1S° believed that the arsenic concentration in the 
separated coarse sands could be reduced, as a result of 
extraction, to levels complying with the VHS calculated 
^eataMfitv^studiff3"cti®» evaluated in th2 bench-sca!e 
treatability studies to determine the feasibility of this 
technology to extract arsenic from the sediments It was 
unclear from the tests whether the water wash simply separated 
that contai^Tff containing arsenic from the coarse sediments 

fK arsenic, or whether the water actually 
solubilized the arsenic contained in the sediment. it is 
believed, based on the treatability study and other data 
collected during the El, that the water wash separated the fine 
sediments that contained most of the arsenic from the coarse 
^dtm!n£S* - The elutriate solution, containing both fine 
sediments and water, contained a majority of the arsenic whiio 
the washed sediments contained very little arsenic (36 mg/kg) 

,?re 3 ™a?ei "^traction" is deemed feasible to separfti 
K 4. t3r^1 m the fine sediments, which in effect 

substantially reduces the arsenic concentration in the coarse 
sediments. it is believed that these coarse sediments co^ld 
meet the substantive delisting requirements and thus be disposed 
of by nonhazardous methods. disposed 

These hypotheses are further supported by the fact that an ft,-
ex on untSkted sediment Sieved an 
extract of less than 0.32 mg/1 total arsenic. For this FS, i? 
tivp * th® treated sediments can meet the substan
tive delisting requirements and can be disposed of as nonhazard
ous materials. This assumption is made with USEPA Region n 
concurrence. However, in order to ensure that onirnonha9Zardo^ 
wastes are removed from Subtitle C control, an extensive veri
fication testing program would be conducted for the sediments 
Due to the heterogeneous nature of contaminated sediments, it is 
n« i5eaS t0 test in advanc® every variation of material that 
would require treatment. Therefore, during design, verification 
testing would be conducted along with bench- and pilot-scale 
testing on the optimized treatment systems. Verification testina 
the 'remedial® J'e.r.^ormed on representative batches treated during 
enLre that *ePresentabive testing would be done to 
c a t e d  d e  1  i s t i n g  ' f e v e l  m 3 t e r i a l s  c o m p l i e d  w i t h  t h e  V H S -

T^D1vaUih0Iity x.for delistin9 the treated waste would rest with 
USEPA Headquarters, the NJDEP, or the USEPA Region II Regional 

depending on the location chosen for^SaJ 
tieftert . e- . treated sediments. On-site disposal of the 
treated sediments would permit delisting by the Regional 
theln^".0t in th.e R0D basea upon the treated waste mlet™ 
the delisting criteria. Off-site disposal of the treated -
sediment in New Jersey would require a delisting petition to he J 

arrel dTsVsed4̂  "̂ a" st̂ t theJ*ent tha? tSTr.SwVSiSnS ' 
w state other than New Jersey or Georgia < 

delisting would be performed by the USEPA Administrator. J 
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The USEPA permits "upfront delistina" i e del i eUnn f 
granted prior to the%eneration oJ S.aJir'ihSh SihSut 
exclusions would unnecessarily be considered hazardous With 
wastrLists LtEth^intlitnV th.e ®rs«nic-contaminated sediment 
thS ROD. delist would be incorporated in 

Conditional delisting would be permitted based on a Droaram of 
Si™ "J sapling and analysis of the treated sediments to 
demonstrate that they have been treated to levels that are 

:n«r::»ter,tsSaaelisti"3 o£ the 

tttT,' ta; teprs 
delisting requirements with a considerable degree of certaintv 
The treated sediments would meet the substantive delistiJm 
SIn£eriia estal>llshed fay the VHS model and also the more strin 

^ i°*F 
substance of concern in the listed waste K 031 The azardous 
that this treated material coisfstently^chieves' the su^taSuve 
delisting level of the VHS model and the level in the M.k 
assessment would be established from bench-scale studio 
conducted during the design phase. In addition, verification 
that1th COn?ufted. throughout the remedial action would assure 
and that I" , !® st?"dards of the delisting program ari met 
control nonhazardous wastes are removed from Subtitle C 

Management of Delisted Materials 

Ĥ -lubS1?9coSnn̂ a 

d̂ ifTê s 

iSljr.i£ SS " F-  ~ n o n h a z a r d o u s  • ̂  r.a.. landfill. However, if a beneficial n» r.a„ v,« 
identified, and if the sediments are treated to below the more 
«SS?S«ttSSti«.i?V?1 0£ 2 t  m9/k8 0t a r s a n i c- the NJDEP may not 
Cy NJDEp ̂  "ultaMe for^th' F°r tr?a,t6d "diments designated uy L-iuusue as suitable for the commercial market, the nnfnnn = -i 
the reaionUShava ' constaggregate. Material%end"rs tn 
sediments treated by'^th eztractitn' and" fiza^'1"9, 'he Sandy 

£ F t™U  ̂aâ entf0couaidn̂  
lake The^e i11 "store the excavated areas of the < 

ŝ Smentŝ d̂ îrô enVa-Vy al̂ rê '? S 

oisSwaK"subtUiarDdlaCn0d5miC.0mP"ed £° diSP°Sal ln a n°"»»*ard-
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If, during final design, it is discovered that a two-staae water 
20 n0t s?5fici®ntly reduce the arsenic concentration to 

a? ®lte.r3®te extracting agent would be required, 
confma J tests indicated that sodium citrate would reduce the 
H c°?centration to 21 mg/kg. This process could 
tL treated 3ea0imeC„tseVe " concent"«on o£ 20 mg/kg in 

Subtitle C Landfill 

SPGBhLXron«f? sediments are not delistable, USEPA Headquarters 
i-w ,?• 7® Provided guidance on the criteria to allow 

for their disposal in a hazardous waste RCRA Subtitle C landfill 
*1™ "° VI ;nently .mailable for K 031 listed hEJrfSi 
waste, a treatability variance" could be applied for if the 
treated sediments do not meet the 0.32 mg/1 arsenic leachate 
Fo?Cthertriaferna^liS?e? thr™gh application of the VHS model. 
For the treated Union Lake sediments, this treatability variance 
is 1 mg/1 arsenic concentration in an EP Toxicity Test accord 
ing to USEPA Headquarters SPGB personnel. Achieving this Je^el 
S°S-t,a treated sediments to be disposed of in a RCRA 
Subtitle C hazardous waste landfill. P n a RCRA 

b£ MayDA8T Sl990artnd°rfhti1%liS^ Wa*b® K 031 is not established 
i J- ? J A b treated sediments are not delistable 
land disposal of the sediments would be prohibited. In contrast' 
°"Cath? M»«e meets the delisting criteria, the treated SaUriri 

longer a^iried* wariV. RCRA beCaUSe the matetlal ls 

Summary 

Figure 3-1 presents a flow chart showing the imDact of rppa inoe 
iha union hake sediments. To summarLe the discussion^bove 

. . levels for the RCRA listed hazardous waste K 031 have not 
IttJestabiished. The Union Lake sediments containing e?e-
thoSd. ar,Sei?1C ®onc®ntratlons are considered K 031 waste because 
the contamination was derived from K 031 wastes generated and 
improperly stored at the ViChem site. generated and 

If BDAT standards governing the disposal of the K 031 wastes are 
S? onS^1iShad "J May 8- 1590• these wastes S.nnot be Imposed 

options for "he*"9 eated fa^setts" "9"di"9 'he9 disposa! 

° deii«^««r treatment, the sediments meet the substantive < 
delisting requirement of 0.32 mg/1 in the EP Toxicity 5 
m^fcCV J™0*811 b® .delisted. This will remove the sedi-
ments from RCRA Subtitle C management control and is not o 
contingent on there being a BDAT standard in effect at the S 
time of remediation. Region II may utilize delisting i! 
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FIGURE 3-1 
RCRA DISPOSAL CONSIDERATIONS 

SSMMENTS CONTAINING 
K 031 WASTE 

LAND DISPOSAL 
ISRE5TOC1H) 

NO ARE THE 
SEDIMENTS BEING -

TREATED? 

YES 

1 
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RE ESTABLISHED FOR THE K 031 WASTE 

6£E0 ZOO NIA 



dilpwal f°A aeeiiltinaeD6?t?-n,enlS !2r on-5ite nonhazardous 

OSeIa Ô1; 4 ̂he NJDEP would W êqû red ''\lTltV J? 

SSS n"a??rh|iS-£o^I h^/^a!5^ K£1£ 
risk assessment and prior State approval. 

° with3 thV ^r'Sl' the 'reated "dinents do not comply 
Toxicity «?ract then tl" °-32 ̂  in the EP 

nonhazardous material. A treeEbiUtlTwrii^ 
?fSeth»C,ln V"U EP Tosieity leachate could be applied f« 
meet the oa32 ma/1lnlent.S ™eet this leve1' but cannot 

arHoFn* £ S'^d"" ̂  "b«"h,^ £vis™s 
standards for was'tes re.applies regardless of what' the BDAT 

° if;h a£^» t;eatn,e"t' the treated sediments do not comply 
with the 1 mg/1 treatability variance EP ToxicifJ 
landfill*1' An L03""!1 b® disP°sed °f in any type of 

chosen L S6 remedial technology would have to 
oe _cn°sen that would achieve this minimum level or '• 
different remediation strategy would be required. ' 

lifB 'anrthl-sê s'̂ rr̂  

RCRA subtitle C control' they^anno? ̂  laSd'dis™.1 ̂  

thrRI°na^de1nfr„eram.a.b-illty st,u.aies' information collected during 
rne ki, and information supplied bv vendor® -s«, curing 
both fixation and water w»Yh•iaors' xt= 1S assumed that 

delistiifg ZVXe^^h "e 

'"as V.lHf trLtment systemŝ l̂ d"̂  

TcZZ'lt 
delistable levels Possible sediment types are treated to 

^determinatio^^f ewhe^earIl^)rtSnoI^^hebbe.^e^airequirements, 
as ID 27 waste would have to f8'"13.1. can be classified 
final disposition, if the m.to.iai a to facilitate the means of 
by the NJDEP fhon fK «. is classified as ID 27 waste 
or off-site Subtitle D Ta^Ifm "JfZan < 
fied as ID 27 waste T. "v I£ tbe raate"sl is not classi- 2 
excavated areas of the .Sef aa clean »" for the z 

market for use as a con®fruoi" into the comn>ercial 
reducing remediation costs aggregate' substantially o 

o 
CO 
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3'1,2 into ivBHMf 

ahd°Tahii»eW? °r !=h® te®hnol°9y screening presented in Section 2.0 
Jable 2-3 indicates that three basic remedial alternatives 

exist for the contaminated sediments: 

1) No Action 

2) Removal, Treatment and Disposal 

3) Containment (RCRA Landfill) 

?52n̂ e<F̂ 1»°i.P-inSIIt °f the rePedial alternatives was based on the 
dentification and screening of technology types and process 

options as discussed in Section 2.4. Regulatory requi?^ents 
^S?vore K a i"0 action alternative be developed in order to 
serve as a baseline against which the other alternatives ran ho 
compared Thus Alternative 1 was developed The sc^nin^ 
performed in Section 2 identified the arsenic-contaminated 

t0 b® treatable utilizing sediment fixation or water 
f^ofhod10nU-W1 5 subsequent on-site or off-site disposal of the 
treated sediment. Alternatives 2A, 2B, 2C, 3A 3B and -an 
were developed considering these options. Off-site RCRA and 
passed6theCR^ d*sP°sal options for the contaminated sediment 
4A Ifd dB screening and are evaluated in Alternatives 
4A and 4B, respectively. Alternative 5C is a containment 
Union^Lak#*6 -Vh"* evaluates covering the contaminated areas of 
Union Lake with a coarse sand layer. 

Based on the requirements of the remedial action objective and 
associated feasible remedial technologies, thefollowing 
combined remedial alternatives are thus identified: 

Alternative 1 - No Action 

Alternative 2A - Removal/Fixation/Off-Site Nonhazardous Landfill 

Alternative 2B - Removal/Fixation/On-Site Nonhazardous Landfill 

Alternative 2C - Removal/Fixation/Lake Deposition 

Alternative 3A - Removal/Extraction/Sediments to Off-Site 

Disposald°US Landfill/off~site Hazardous Sludge 

Alternative 3B - Removal/Extraction/Sediments to On-Site 
Nonhazardous Landfill/Off-Site Hazardous Sludge < 
DlSpOSdl 

52 
Alternative 3C - Removal/Extraction/Lake Deposition of Q 

Sediments/Off-Site Hazardous Sludge Disposal ® 

o 
OJ 
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Alternative 3D - Removal/Extraction/Plant Site Deposition of 
Sediments/Off-Site Hazardous Sludge Disposal 

Alternative 4A - Removal/Off-Site RCRA Landfill 

Alternative 4B - Removal/On-Site RCRA Landfill 

Alternative 5 - In Situ Sand Covering 

3,1,3 Evfrlvation Criteria and Approach 

The factors considered in the three evaluation criteria /i a 

s ust rp Sh 

r . B r r  S i r * 1  —  
Effectiveness Eval^ipt-i^ 

The effectiveness evaluation considers the caoabiiii-v u 
human health «vi°/o.£s? 

.3S • '? the Protection it would p'rovile 
achieve reductlons ln tonicity, nobility or volune it «M 

Implement ability 

technical̂ and131̂ 7, •ev4alu4a.tion is used to measure both the cecnnicai and administrative feasihiiit-v , ue 

operating and maintaining a remedial action aHprnaf* ?' 

remedial'a Iterative ̂s^lso ^ ̂ 

Cost Evali^f inr 

° trronicoSpJLnCt°sTePtUal en9ineerin<< £« "Jor construe-
< 

o 
o 
to 

o 
3-15 w 

9483b £ po 



° operation*5.,,*' J:aPltal investment and general annual 
operation and maintenance costs available from USEPA 
fn-house'fiLs^ "85b DSEPA 1985e> and tr°™ ^basco 

altl?natr™ h Ca°nSritS fSre USed for .comparisons among the remedial 
alternatives, and they are estimated based on a desianatPd 

"*? and srstem life. It should be noted that 
action? are ™? reatme!^ alternatives (containment and no 
action) are not compared with respect to cost as 
inherently do not provide similar degrees of remediation. 

°f th® screening process, effectiveness, implementa-
bility and present worth costs are then used to compare the 
alternatives, especially alternatives that are very similar As 
a result of this comparison, the least favorable remedial alter 
natives are ruled out from further consideration or ̂ de?ai?td 

The alternatives that pass this"creeping ate teten 
into detailed evaluation in Section 4.0. raxen 

3-1-4 1" Peyplnpnient of 

I™.r®"10Valr and treatment alternatives developed from the 
JenJfSiJ? °f technologies in Section 2.0 will be evaluated 
considering remediation to be conducted under two scenarios-
1) the lake is at its full condition, and 2 ) the late \ s li 
flit te• facn?t^ly'a the Uke has bei" lowered eigte eto nine 
feet to facilitate dam reconstruction. it is expected i-hat-
construction will be complete by June of 1990. BTCtele of the 
likely timing of remedial actions at the site it is ...m, -, 
that any remedial action in the lake could be taken until after 
dam reconstruction is complete. Implementation of the remedial 
action could be conducted considering three scenarios: 

^ rnZniab?* w°uld be allowed to remain at drawdown until 
completion of the remedial action; 

2> la+& 1°.uld be filled at the completion of the dam 

oTsrssss £or the 

3> tee lake a"t°t teU c o* d^- conducted with 

la».ke- remains at drawdown, it is believed that drv excava-

the*™ a 1 °photo^aphs indicate thaT^nortTr^nf o? 
the iake may potentially be a swamp-like area. If this ?s til 
contaminated°sediment.SUre h^065 ̂  be to remote & 

9483b 
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If the lake is filled at the completion of the dam flroflnim 
techniques would be utilized to remove the contaminated sedimlnt 

then lowered for implement at ion°of he °remed ial action10"* tCt a?d 

-nation, 

S^qii^U^hnlqurS^e r°e£,uid/eyd. e™i0" -«- -d 

eLo°ĉ dt0wiKt£fciphaetinSg tĥ lVe"a condHio'n VTh 
remediation, the alternatives will be evaluated wVVh °5 

s-J.'Sif'̂ ressr*; vrJi 
the contaminated sediments would be exposed faril ita/?™ 5 

ysra JisLsrs 
3.2 DESCRIPTION AND SCREENING OF REMEDIAL ALTERNATIVES 

remedialP°action d^elo^ed^^s^se^ion^lT, ̂  

detailed analysi^' 

r̂ ;?rementŝ r̂ o?thCirnt?Ê Cafrnde1tĈ °dy 
the NCP (40 CFR 300.68 (g)). amended, Section 121, and in 

3,2,1 Alternative l - wn ftrt^ 

=P«ch ̂er̂ ô s can̂ bê p̂â t̂ ttld̂ Ĵ? 
in leaving the arsenic-contaminated sediments intact Si£ 

seSirny ame«:res°UldlnC°a^^- °£ monUoVing Ind 
implemented to inform the PubU^^aboufpft^iaYSds"°Uld be 

ment"sampling0an^lVke I^ddm"1"0^? 
surveys would be performed w-it-h addition, ecological 

institutional^^ontrol^only^Hpenc^iig^^f ̂ i9"^7oanb^ 

that the site be reviewed eve" £iv?£"rs W0Uld require 

Effectiveness; This alternative would reduce fha t. n 

water£ *%?. To^e <thr°U9h th% LAf« 
violated Thi«! an- *' .access restriction measures could be 
violated. This alternative would not achieve any reduction in 
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the volume, toxicity or mobility of contaminants. it would not 
attain any ARARs since this response would not address the 
threat of the off-site migration of contaminants. Contaminants 
SUlLch?nainorl:th™* £*** C<?Uld possibly migrate downstream 
by leaching or through resuspension of particles into lake water. 

Implementability: From a technical perspective, this aitprna 
ex̂ ensTvô 6̂ e"V°. implement <P°*ting warning' sfgns)̂ "̂  

® J J• monitoring would require attention to long-term 
administrative feasibility considerations. Some administrative 
These ^ required t o  obtain institutional controls. 
These institutional controls would include public education 
SS9S?S J? h®iqhten Public awareness concerning the restricted 
readily availaMeV Monitorin« technologies ar'e reliabl"C^d 

No action would be the least expensive alternative under 
consideration. It is estimated that this alternative would 
require a capital cost of approximately $7,500 and an annual 
vesr fn" ™d maintenance cost of approximately $40,000 (per 
year for 30 years). The present worth cost based on a 5% 
discount rate after inflation is approximately $620,000. 

CfifltiJisifin: The no action alternative will be retained for 

=on"S!^Uerna "ves"1 * range of' source 

3.2.2 
i!""?'"™ ™ on/Off-Si tr Honhaz.rHn,,. 

lSoClrh^1i1h! Fi9,.ure 3"2 depicts the contaminated areas present-
idLtmid in tSh» • l".- Ui"10n La.ke' Hydraulic dredging was 
identified in the initial screening investigation as thp nniv 

if "f.th°.d f0.r removing contaminated sediments from the 
lake if remediation is conducted when the lake is at its full 
Soufd'iT' a Ir1 „cat/ Hydraulic dredging unit or an egu\va!ent 
anH +•« used to dredge an average depth of 1.0 ft of sediment 
and to pump the dredged sediment to the fixation plant for 
subsequent treatment and disposal. The volume of contaminated 
sediments to be dredged is estimated to be 131,000 cubic vards 
Fiaur. a, ."0M digrams of all of the treatment systems * 

4"1 Presents a schematic diagram of the treatment system. 

3ny mention of the trade names of commercial 2 
?ecolendationPfo0rCeuseeS d0eS "0t constitute endorsement or 

o 
o 
to 

o 
u> 
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• 

REMEDIATION CRITERIA 

REMEDIATION OF ALL SEDIMENTS WITH AN 
ARSENIC CONCENTRATION OF 2» MO/KO OR 
GREATER UNOERLYINO A WATER DEFTH OF S'. 
REMEDIATION OF ALL SEDIMENTS WITH AN 
ARSENIC CONCENTRATION OF 20 MO/KO OR 
OREATER IUNOERLYINQ A MINIMUM WATER 
SfFTH Of 2 5. CONTINUNO UP TO A A WATER 
DEFTH WITHIN ISO OF THE SHORELINE. 

OF^HE* LJUCE *LL SEDIMENTS WITH AN OF THE LAKE ARSENIC CONCENTRATION OF 120 MO/KO OR 
OEp™rLrU?¥,!!-I!!H * ""SAW" WATER 
Pf?™ SS.COSTIRWNO UP TO A 5' WATER 
DEPTH WITHIN ISO OF THE SHORELINE. 

•
SEDIMENTS MEETING REMEDIATION CRITERIA IN ZONE 1 

pl SEDIMENTS MEETING REMEDIATION til CRITERIA IN ZONE 2 
SEDIMENTS MEETING REMEDIATION CRITERIA IN THE REMAINDER OF THE LAKE 

VINELANO CHEMIC COMPANY 81TE - UNIO 

FIGURE 3-2 
UNION LAKE SEDIMEN 
TO BE REMEDIATED 

< M z 

EBASCO SERVICES INCORPn 



FIGURE 3-3 
SCHEMATICS OF SOURCE CONTROL TREATMENT ALTERNATIVES 

ALTERNATIVE 2A 

m 1I1EA1H) MATERIALS REQUIRE DELISTING BY NJDEP 

ZOO DHjSTOIG BY EPA REGION D RR3IONAL ADMIMSTOATOR 
O 



If remediation were conducted when the lak«s -i «• a+- J 
excavation technologies and equipment would be utfl°ised Vr, 
remove the contaminated sediments. Some of SL *1 i. 

conditionse^ne^^^si\1atSingf61he need^or* ™\Qe*hibit /wamp'nkS 

contaminated sediments Vo°T e^^ 

SouVdeab:enctonstaructfr a^hf sUe' ""n 
sediment, which would contain aooroximat.lv on» iC^ e<Jged 

pumped to the thickeners to allow thl seoaration of"' "a"" bJ 
solids and thickening of the settled if ?"d 

arsenin ifL.. _ _ cnemicaiiy stabilize/immobilize the 

sediments Sfuia be trucked" tTa " "T"' the fl"t<* 

23* MS5&. " " MSSr 23212 

ĉ ??l?er%enrrntrSe£f obfe 

clarificationd^ndn<p^^^^tration^dproceddSd Afte%°TheantS' " F* 

ltS iioa awouldC'also o V?F, '-c^l 

combined wUh "he s^ime" ^ ba 

would be dischar'ged to Union Lake. ThB tI*at»a e££luant 

treatment "as1 evaluatedbdurin^bench seal"10? a-and supernatant 
in section 7.0 of thVS^Slf xSS&W* 

monHorinrUlprogramre,U4ruldd "be* reouire""to™ ' lon*-te™ 
effectiveness of this alternative. equired to measure the 

EffsetiVfiness« Chemical fixation woniH ..L:., _ 
remedy for the dredaed or J- acJieve a Permanent 
arsenic contaminants and wouiri ^ sediments by immobilizing 

leachate generation This alt.,® a "11"12®,, the Potential for 

cleanup objective of 20 mo/ko l? " achleve the target 

120 mg/kg in the less accesl^h?. »accessible areas and 

of££"h!e"iethairSiPs°kSal „°o£„everSe 5d-imentS "ould^amiiate18?^"^"' 

greater than 20 m,/k, would* 223 Tn'are^T/ th^^e "X 
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more than 2.5 feet of water. The dynamics of the lake rrmirt 
redistribute contaminated sediments into clean remediated areas. 

-°-afye.rse. effects are anticipated with implementation of this 
remedial alternative. Trucks would be used for transDortinn t-he 
treated sediment to a nearby nonhazardous lanlmi lite 
nf«Jh?na • trafflc. would cause noise and air pollution and a 
possible increase in accidents in the surrounding areas of the 
site. These potential adverse impacts can be minimi t«r 
a p p r o p r i a t e  p r e v e n t i v e  m e a s u r e s ,  s u c h  a s  c o v e r i n g t h e - S  
decontaminating the trucks. a e wastes and 

This remedial action would provide effective. fraai.mani --a 
adequately protect human health and the environment. The ARARs 
alternative^ 6 C"teria "°uld be a"ained under 

Irciplementabi 1 ity * Chemical f ixation is a w oI i ja„.in , . 
reliable technology. The chem"ai additives for filatio^ 
immobilization are commercially availahle an^ J.*. and 
equipment can be assembled using conventional off the'Shelf for specific ̂use *a tYhe .'ST  ̂--̂ ,00° Yô û  
2.S« a- r, 
discussed in Subsection 3 11? it racixity as 
would not trigger the LSL. Therefore the alternative 

If ^e r®mediation is conducted when the lake is at- f„ii 

Snt YK^fte?'" 

If the remediation is conducted when tho I.I,. • , . 

iŝ it-ssis. .•srSd-BsSr £ 
"YYr^YfteJYn/S, "srt$54??4s';„ocoalculatea at a 

Conclusion• Chemical fixation of wast-es arMi-<mc-c-A<- j-u 
tS^tmoM?itPrefrenC? f°r remedied designed to "reduce 
treated and raJna f' Sediments posing health'risks would be 
retained fYr SKiS. ̂"Unon*"6' ThUS thlS ,U™'- la 

3'2-3 7P - 0,1'On-site wonhnrnrfloiH 

b^thl'Va".."^ as^tho^Yf"^. inv°lved in th^ alternative would 

sediments would be disposed ̂ f aYY ̂ewly^onstructed on-site 
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eve?vZVfv0GUSviar?fianV ^ addition- reviews would be conducted 
every five years and a long-term monitoring program would be 
required to measure the effectiveness of thisAlternative 
Figure 3-3 shows a flow diagram of the treatment system ^gu?4 
4-1 presents a schematic diagram of the treatment system. 

As discussed in Alternative 2A, it is believed that the fixated 
waste would meet the delisting requirements and thus could be 
disposed of m a nonhazardous landfill, according to regulatorv 
requirements. Delisting by the NJDEP would S?t be ?equ red 

dllfP°sal 1S on-site. The USEPA's Regional Administrate? 
could choose nonhazardous disposal based on the sediments 
he ^ •dei1Stii19 re<3uirements. The on-site landfill would 
be constructed and operated according to the requirements 
Regulations!1 Je"ey S0U,i anl1 Hazarl3ous "aste Management 

An interpretation of the term "on-site" given to USEPA PONINN TT 
by USEPA Headguarters SPGB personnel States that a i 
would be considered "on-site" only if it wasconstructedill 
ViChem plant site. A landfill constructed near Union Lake would 
be considered off-site. In this report an on-site landfiU 
it?Slf. °ne W°Uld be constructed ®t the ViChem plant site 

L- T he®ame screening concerns about effectiveness 
with implementing Alternative 2A can be applied to this al?e?f 

except that additional environmental and public health 

nonhazardTous UndM n!"^ "» "-Auction of the* oSSiE 

The ViChem plant site is not a sensitive ecosystem area such as 
posl little3risk °n_site landfilling of treated sediments would 

thi i vf--,- groundwater and surface water qualities due 
fh! }°W/if-0!!1 y of fixated sediments and the effectiveness 

of the SyStEm' -ThS lon^term hazard from the flnure 
of the landfill system is unlikely. Therefore there are 
appreciable environmental impacts for this landfill site. 

dTscussed^^Vn ̂ ̂ Aiten!^- .^^rcte implementability screening concerns 
iscussed in Alternative 2A can be applied to this alterna-

addition, the constructibility and reliability 
concerns associated with the construction of an on-site non 
hazardous landfill are applicable to this alternative The 
drainaae techniques for capping systems, liner systems 
drainage systems and leachate collection svstems are 

CERCLA sTte thl oSJa-^®ly simp.le' As the ViChem site is a 
Ct-KCLA site, the permitting requirements are waived The land 

reaulatorv '"JI* .availabla' "ut it may not mlet the locai zoning < regulatory requirements. Administrative efforts would he H 

agencies. '° c00rdinate a=ti-ities between state and loca! * 
O 
o 
fo 

© 
OJ 
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It is assumed that the treated material could meet the delistino 
5?2!!ire?5nt8 lnd • b,e dise°sed of in a nonhazardous landfill 
Since the material would be considered nonhazardous land 
disposal restrictions would not apply. aous, land 

USEPA Headquarters SPGB informed USEPA Region II that since th* 

quarters Tufd ̂nof" he**' 3 delistin9 tTuSÊ Hea"! 

Administrator could choose this Alternative basedAn1 information 
requirement^. ^ Sedil»ent= <=°uld -« theleUsti^ 

If the remediation is conducted when the lake is af fnii 
condition, the capital cost and annual operation and maintenance 
cost are estimated at $43,153,000 and $228,000 (per year for 30 
years), respectively. The present worth cost, calculated at a 
discount rate of 5% after inflation, is $46,658,000 

If the remediation is conducted when the lake is at 
the capital cost and annual operation and maintenance cost are 
estimated at $42,562,000 and $228,000 <per year ?" 30Tears? 
mrSf'oS ̂terfn/AV-6"' W°ttd dost' calc/lated at aMlcouit rare or after inflation, is $46,067,000. 

Conclusion; This alternative would provide the same permanence 
of the^rea^rAlternative 2A. On-site nonhazardous landfilling 

r J • ®? sediments is viable and enables this alternative 
to be retained for detailed evaluation. 

3*2*4 Alternative 2C - Removal/Fixation/T.akP peDOSiHnn 

hf5^iPti°n; The °Perations involved in this alternative would 
be the same as those of Alternative 2A except that the fixa^d 
sediments would be disposed of in Union Lake. Figure 3-2 shows 
®_ diagram of the treatment system. Figure 4-1 presents a 
schematic diagram of the treatment system. 

withPradUrockfi^ sediment fi«tion is a physically stable solid 
^ A appearance. The fixated product would be 

Lake ln Previously dredged/excavated areas of Union 

e^S^nLesr^rh^zlt^tlvl6 re,UUea t0 «» 

in^AuTr^tiVe T2A can® .effectiyeness concerns with iraplement-
fh!f .1M? , .can be applied to this alternative except 

additional environmental impacts may be associated with the 
°£- the sediments. Fixation of thl 

arsenic^ ThTJonqfKlfrd7frSfX miuATf A^e 
impacts * " 
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tive^r^can1 b^apJlVed^n i™P.leme1n^ability concerns in Alterna
tive ZA can be applied to this alternative. In addition the 
concerns associated with lake deposition are included Deoosit 
relat?velvXsimoleedlHentS in pr®vious areas of removal would be 
relatively simple. However, there is no direct and nrar-tinai 
means of monitoring the effectiveness of the fixation once the 
material is deposited into the lake. Further if it were Hof 
mined that the fixation technology failed and the "7 

appreciable amounts of arsenic, it would be very diffi 
fixated p'r™. "" mat"ial dUe t0 mi*in9 °£ the "nls^and"^ 

Cost: If the remediation is conducted when the lake i* at e„n 

p^rresM-t1 vs^trS^To 

jszl SBW-aisss. " 
If the remediation is conducted when th^ laira sr. .l j j 

SMg fronf^further£^evaluation ̂ lue "tTlL ?~Sy i l  
monitor the effectiveness of this alternative. ability to 

3'2'5 ' ^^mOval/Extracti nn/RedimentR tn n>._ 

hydraulicallv drI522dC"00ntaminate'1 seail»ehts would either be 
the lake at the t^ad °J exca;ated depending on the condition of 

would be required to measure theJiT T1?" 9 pr09ram 
alternative. measure the effectiveness of this 

syst"mta?Ltr wou'l1? î ledT̂  "ZTonTâ  "a"'"1 £" a 

oxidation, coagulation, clarification and filtration.° chemloal 

would' bTĝ erateS5' Th°e°° °£ a"enic-cont.minated sludge 

transported9 to an ofLsite RCM 5lUd'e would be 

disDosal F-imiro in u «CRA facility for treatment and 
system? ' Figure 4 6 ore°"S fl°M dia9ram o£ ">e treatment 
treatment system. » schematic diagram of the 
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Effectiveness; This alternative includes treating contaminated 
sediments with water in a reactor vessel. The process releases 
J™11 of arsenic attached to coarse® sands and1"?" 

«r5!nfjie% fine organic matter with high concentrations of 
arsenic from the coarse sands. The effectiveness of this 
technology would depend on the extent to which arsenic is 
extracted from the sediments with the water. The treatability 
studies, using a single stage extraction, indicated that water 
oU7Rn renJ?ve ™ost ,of the arsenic from the overall sediment 

K- cleaned to 34 mg/kg after removing fines and/or 
desorbing arsenic). It is expected that a two-stage water wash 
would further reduce the sediment arsenic contamination A 
 ̂?MSI"whntoei"otgyWOUla ̂  Ie9Uired t0 C°n£irm thS effectiveness 

The concentration of the extracted arsenic dissolved in the 
extractant would be reduced to below the MCL of 50 ug/1 arsenic 
by chemical oxidation, coagulation/clarification and filtra
tion. This process would also separate fine organics containina 
arsenic from the solution. Upon meeting MCLs, the extractant 
could be discharged to Union Lake. extractant 

alternative would attain the health-based cleanup 
level by reducing the toxicity, mobility and volume of 

h£»n-h3nt?m£na.1ted sediments that were identified as a public 
health risk in the risk assessment. A long-term monitorina 
ai?pJnaf"OUld ™ required to measure the effectiveness of this 
hi!i?frh *eVw e. are no long-term adverse impacts on public 

«meaiatbonenVlr0nment resultin3 £r01" th* implementation of 

Implementability: Sediment washing/extraction systems utilize 
available equipment from process industries, and the reliability 

hl-9nh fr°Jn- an °Peration and maintenance standpoint 
nwSiJSn 6 S°1 v..washing/extraction systems are currently com
mercially available. The USEPA operates a mobile sediment 
washing unit that is capable of processing 4 to 18 cubic yards 
° . .so per. *}our depending on the sediment properties and the 
optimum period of reaction. Extraction systeL are not complex 
and can be assembled using conventional off-the-shelf hardware 
the site?m C°Uld ̂  dSSigned and conatructed fo? Xwific 

triaia e i t r a r t «nf' •  t r.oat™en.t systems are conventional indus-
hf rtie® ^ ^ physical-chemical treatment processes which can 
Uonal 9onf% th^ ?StriCt? f°r specific uses utilizing conven-
developed and highly reliable^6 ^ techn°logi- are well 

ex^Sfd .tliat the e3£tracted sediment would be delistable 
VHS Iflpi Toxicity Test results of untreated sediments and the 

m0del as dlscussed in Section 3.0, and thus could be disposed 
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m 9 nonhazardous landfill fAri11fv cin^a »1 , « _ 
extractan?^rd°iis, land disposal restrictions would^iot apply.W°The 
extractant containing the fine sediments would be treated to MPT 
llltl* an?, woula a.lso meet the substantive delisting regSi™ 
ments. The arsenic-contaminated sludge generated from £hl 
extraction process would be transported to a RCRA treat-monf ^ 

- --- sludge ~ ! 

'ssr-.x̂ r̂ .asr 
£&&£: If the remediation is conducted when the lake ic *„n 

If the remediation is conducted when the lake i<; »t- Hr=„^ 

SSTioPS " 
SSSa„- m0b"ity °f ~ - - -aSÛ aî  

3'2'6 ^ 

"̂hê 'same â 't̂ 'of0"!, ,invol7ed i" this alternative would 
sediments would be disposed o^Tn a^^n3^• ®xcept(, the processed tiii i_ .. uiofosea or in an on-site nonhazardon«s lanH 

treatment system. Figure 4-6 presents a schemti-"9"^ °f the 
the treatment system. Presents a schematic diagram of 

extractionPdiscussedintAlternativeV3ASand °the watex 

applicable discussed in Atte^ti™!?1 a?e < 
significantly reduce the level^f Th® .water extraction would a 
sediment to meet the delisUnn f^senic concentration in the 
sediment couId be safelv den„?< ale "18' 50 t.hat the treated 

oe safely deposited m an on-site nonhazardous 
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landfill facility. The on-site nonhazardous landfill would noh 
pose any appreciable environmental impacts to surface wttS? 
groundwater and the ecosystem at the site. surface water, 

.water be treated utilizing conventional 
industrial waste water treatment units as discussed -in 
hi r^atlHe t-3A* Arsenic concentration in the extractant would 
ho w?" }°A IHeet MCLs* The arsenic-contaminated sludge would 
be transported to a RCRA treatment and disposal facility. 

Implsmentability: As discussed in Alternative 3A, mobile soil 
A aiCtl°n systenIs are currently commercially available. 
A large-scale extraction system could be desianed 
constructed for specific use7 at the site The Extractan? 

processes Ynd^could® hconv®nti.onal waste water treatment 
site-specific applications?6 d6S19n6d and constr-ted for 

The implementability of an on-site nonhazardous landfill faciiit-v 
Â f̂  „ln 2B is applicable for this aUernauJe7 
A long-term monitoring program would be required at the landfill 
site. Five-year reviews. involving standard semolina and 
surveying practices, would be required for the site as well. 

«pectedUSt^dm«t AAl6^a,tiVf- 3A' the clean sediments would be 
expected to meet the delisting requirements to enable disposal 
in,,id n°nha"rdous landfill. RCRA land disposal restrictions 
nCCj therefore not apply to this material. An o"CitC 
nonhazardous landfill would be constructed on the ViChem 
Pretty adjacent to the plant. As this is a CERCLA site. the 
permit requirements would be waived. The extractant fcroat-mont-
llltT UM°rrld reduce the water arsenic concentraAon to llvlTs 
below MCLs, enabling disposal to Union Lake Tho 
arsenic-contaminated sludge would be transported to a RCRA 
treatment and disposal facility. transported to a RCRA 

CfiSi: If the remediation is conducted when the lake is ah fun 
condition, the capital cost and annual operation andmaintenance 
cost are estimated at $22,063,000 and $228,000 (per year for 30 
years), respectively. The present worth cost, calculated at ? 
discount rate of 5% after inflation, is $25,568,000. 

the ̂ apUaT^os^and8 conducted wh.en the ^^e is at drawdown, 
estimated ah *£> n?"31, °Pe™tioh and maintenance cost are 
respectiveLv Th'p n' ! -8nd H28'000 <P®r year 30 years), 

raCê rK̂ ftsr̂ n/S. ̂ .̂'coo!̂ 1̂  at a 

Sprasf 

struction of an on-site landfill and the implementation of a 
^C?iCrCvaTua1tti0onin9 Pr°9"m- Thl5 a"erpativl ""Xfior 
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3*2,7 Alternative 3C - Eemoval/fixtraction/T.ake PeDnsifi^ 
Qf Seflimehts/Off-Slte Hazardous Sludgy nispn^i 

Pfs"^pt;ion; Tk® operations involved in this alternative would 
be the same as those of Alternative 3A except the treated sedi-
areas of "union f1?*'03®'3. °_f in the Previously dredged/excavated 
areas of Union Lake. A long-term management program would hp 
required to measure the effectiveness of this alternative. 

to the nature of the sediments in Union Lake, the product of 
l! i,?X^rat process w°uld be a clean, coarse sand. The sand 

would be transported by truck or barge to areas of remediation 
deposited, and graded. Figure 3-2 shows a flow diagram of the 

4"6 Presents a schematic diagram of 

tive. Water extraction would significantly reduce the level of 
arsenic contamination in the sediment. Based on EP Toxicitv 
Test results of untreated sediment and the results of the VHS 
model, previously discussed in Section 3.0, the treated sediment 
deposi^d\nhtheSUlakeantlVe delisting requirements and be safely 

Lake deposition of the coarse sand may cause environmental 
t3 - J? .lak® ecosystem. Adverse impacts may occur to the 

habitats of biota, fish and wildlife. 

Implement-ability; As discussed in Alternative 3A, mobile soil 
washing/extraction systems are currently coLerciallyavaU-
constructed^fo?3 ̂ feXtraC^°n systeras could fae designed and 
constructed for site-specific use. The extractant treatment 

processes that S .1 ,ind"strial ""tewater t«a"S 
processes that are well developed and highly reliable The 
sludge generated from the extraction process would be trans
ported to a RCRA treatment and disposal facility. 

l̂ eP0S ThenĤ P 

£ H £ = 3 o f  

that\ l the lake. if, during final design, it is discovered 
that a two-stage water waste would not sufficiently reduce the 

zr̂ ss z 

o 
o 
(W 

© 
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arsenic concentration of 20 mg/ka in the froaf0H sirs, ziijog i ££•«•=" 
CQSi-4.-If ̂  remediation is conducted when the lake is at fin 1 ss? .ur 
szL-xirsm 

If the remediation is conducted when the lake ^ ̂ 

2:̂ -;t%..'S.af»i»csnsr S 

beSthlPVam1: ThX °Perations involved in this alternative would 
be the same as those in Alternative 3A excent the fraa(.̂  .*• 

»"o" zali?0ji;rr: tL°\£\ 

effectTveness^of'thTs .T^LtiS. "«Ul™a t0 ' "M-^S 

The product of the extraction process would be a clean sand The 
sand would be transported by truck to the niant sand. The 

s ssSPg® 
sents a schematic diagram of the treatment system P 

delisting levels established ̂ "thV VHS model "l-h suhs'antive 

-w-tnjrsssz < 

H 

washing/extraction ^vs^m*"5!^ in Alternat"e 3A, mobile soil 

able. The ex t rac t a nt tie a t n^i t °SS2f ̂ISS^SS-t'lSi: S 
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developed1 anr'hfghly^relia^re^^he sludge"^ene^ted ̂ Jor/th* 

disposal'^facilftyf 66 '""«"«*•« a W treatment ana 

As discussed in Alternative 3C, the preremiisit-o -j.-
is a classification of the treated material by NJDEP as non^D 
27 waste. A substantive reauirpmpnf Ji- auu, as non-ID 

t^o-augl-wa^ %is 

2;em"k9,"oafum citrate^could brus^as^aUe^ate ? "j-™ 

?rir̂ /Ck°gU" btLSe"a=.t0 aCMeVe  ̂ "Se»ic concentration 

Cost; If the remediation is conducted when the lake i« a*. ,-4. 

f"C°"r1 at°Sl8?6?8ro5?ain^P5io"oo (per"year 

If the remediation is conducted when the lake it -4. j j 

a,.̂ 1 ̂.•s.o-s? e"lmF" 
ss./ffiffttsrf. SK 

-̂Mssrsuasa 
alternative is f^tur'^r this 

3,2,9 Alterngtive 4A - Removal /off.y» te RCRA 

M̂ l- of̂ dredged 

those des?nriLdnVi°„1VAaidte1rn„athi1ve 2**^1 tSe" ettlT "T " 

fTac^TteT^r ̂SSfT" =^enf'tifcke^r?^ 

an inert"alufve 

o  
o  
to 

o  
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Off site RCRA landfilling would include transporting the arsenic 

ha "a rdouf f anlf in"! t e " 568164 contain«a t0 a commercial RCRA 

gffectivenegs: This alternative would consist of hvdrauiic 
dredging, dewatermg, transporting and landf i 11 i nr. .*• ^lc 

with treatment and dischargS of9the supernatant 
dredging and dewatering operations would include removal of the 
source material with their subsequent consolidaMnn - J® 
containers for off-site transport.If̂  Remediation of 1̂° 
was conducted during drawdown the alternative would consist o? 
excavation, transporting and landfilling the sediments The 
withV?wn optration would indude removal of the sou?!e material ith their subsequent consolidation into containers for off site 

transport. A permitted RCRA disposal facility with the 

and capability to handle this source material Lst be ilent?f?ed7 

contaminated^lsediments' ffoTd^pV'ar^ oV"h.C liE 

measure the predominant dynamic forces within the lake. ^ 7 

This alternative would be effective at eiiminat-iwe . a. 

sediments ̂ "bong'terr^mon^t ® 3removed 
redistributio^ pVtM^rns of the 1sediments. " t0 

This alternative would attain the heaifh _ j , 
level nf ?n « . . cne health-based cleanup target 

utt Slue KLKA landfill would reduce the mnhi lifv 4-w~ 
contaminants by containment. if the landfill should fail^'the 
contamrnants could be re-released into the environment "n 'add" 

S«̂ sf-S£3-̂ 5££ 

Implementabl li ty • This remedial alternative hae v. j 

splc"? difficulties' .hazar^ou? »aste sites. There should be°nl 
and in restorinq thl rem0I.ln« and transporting the sediment 

o" accepting V61he S j1466"^ dis^l^racUitu's ̂^"ab^ 

associated cist'" trVn'sVt SSS d°i spoTaf *< i T"rcL !&,£& 
availability and capacity). p U.e., RCRA landfill 

< 
H 
2 

o 
o 
to 
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Implementation of this alternative would require an admin* ei-r* 
w-Th it0 secure an off-site RCRA landfill for disposal" 
diffic,n% ̂ f^tation °£ the RCRA land ban, this may be very 
difficult. Land disposal restriction regulations and DOT 
regulations for waste shipment would need to be met Annual 
monitoring and five-year reviews would require additional 
administrative attention. 48 aoaitional 

disposal of sediment from contaminated areas is a 
feasible option if an acceptable facility can be idanfifL 
The only currently recognized permanent land disposal facilitv 
is a double lined landfill. There are very few come Jcl a 1 
facilities with double liners in the eastern United States 
capable of receiving the large volume of wastes that woniH ho 
removed from the site. Implementation of this alternative wou?d 
prevail°at theat7mia^fe capacit.y and th® current laws that would prevail at the time of remediation. 

CfiSi: If the remediation is conducted when the lake is st- f„n 
condition, the capital cost and annual operatTon and maintenance 
cost are estimated at $59,458,000 and $40,000 (per year for 30 
years), respectively. The present worth cost, c!legated at a 
discount rate of 5-6 after inflation, is $60,073,000. 

Cho Is conducted when the lake is at drawdown 
the capital cost and annual operation and maintenance cost are 
estimated at $58,867,000 and $40,000 (per year for 30 vear!J 
respectively The present „or?h cost, ^JJlated at a" dK"un£ 
rate of 5-s after inflation, is $59,482,000. 

anv^hrl'ahJLn Jhe of,f~site disposal of contaminated soils without 
any treatment would not meet the land disposal restriction 
this lllTentS- ThlS alt®rnative is therefore5 not feasible 

3-2-,10 Alternative 4B - Removal /On-site RCRA T.andfiTi 

beSthCPsamne: inv<?lved in thia alternative would 

o9f arrn̂ l -dimentsf 0̂ 1™̂  ̂iSŜ SE IT ̂oltt 

icnem plant site. As discussed previously, this Dotentiai 
landfill area is considered to be within the site bounda^es 

linerC7vstemdfiJioWOiUl11 JT® 5° b® d®siPnetJ to include a double 
systlms and' detection, collection and removal 
applicable RCRA ,9/„?"ndKat!r tcuttofina program, according to „ 
of th7t reatment s^s te™*' Fl9UrS 3"2 5h0MS ® "°M flia™ | 
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Effectiveness: Even though the landfilling of hazardous waste 
was widely used as a management practice for years, it is now 
being discouraged by the USEPA, which makes obtaining approval 
RCRA Sfnf^i^0 a new facility very difficult. The on-site 
a?ea of J" V®u remove hazardous wastes from the 
cf? £ contamination into another area within the Superfund 
site boundaries. This on-site landfill would constitute RCRA 

KSP°Sa T •thuS the land disP°sal restriction requirements 
would be applicable for this alternative. As discussed in 
wouldnnoiVL «^A-RAR/ ?ertainin9 to land disposal restrictions 
would not be attained since wastes would not be treated prior to 
being placed in a RCRA facility. prior to 

The RCRA landfill would provide only a long-term containment for 
the hazardous waste, but would not attain permanent remedy 
designed to reduce the toxicity, mobility and volume of wastes. 

Removing contamination from Union Lake would reduce the risks to 
recreational users of the lake, contaminated leachate genLa-
tion, and contaminant migration from sediments to lake water 
The on-site RCRA landfill would not pose any appreciableEnviron! 
around tT* M l SU*5aC® water' groundwater and the ecosystem 
around the landfill site. A long-term operation and maintenance/ 
h£nr££r^nt.pian' ?;ncludin9 Periodic groundwater monitoring, would 
be required for the post-closure activities. 

Implementahility: The RCRA landfill facility could be desiqned 
i fy a11 the applicable requirements. The potential 
landfill site would not be within the 100-year floodplain The 
terh^?fttl0n £f 3 Jandfi11 facility is a conventional and proven 
technology and would be commercially available. The possibility 
of failure of a new RCRA landfill system would be relativelJ 
low The land is assumed to be available; however, local zonina 
regulatory requirements may not be met. ° e er' J-°cai zoning 

Landfilling hazardous wastes without any treatment, in the 
;rehilate V1""ity of an important water resource " uJmely 
to be acceptable. The permitting process requires extensive 
faJtors9\ff0ecStinad acfePtance by regulatory agencies. Important 
factors affecting the regulatory acceptance would be the sit$* 
closure0"5and^Dosfc -nStrUCti0n.' <*!«•"<»'. Publfc uneaVinlsa'? 
closure, and post-closure momtormq. Additional 

V- be towards pe'riormtng a^nHal 
and implementing five-year review programs. 

Cast: If the remediation is conducted when the lake i<? at f,,n 
condition, the capital cost and annual operation and maintenan« 

are estimated at $17,848,000 and $298,400 (per year for 30 
years), respectively. The present worth cost, calculatedst 
discount rate of 5% after inflation, is $22,435,000. ' 

o 
o 
NJ 
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If the remediation is conducted when th» l a k e  ,4. a J 
the capital cost and annual operation and mainti™. draw,down' 
6Sf irnnf af 4! 1 "7 ict r \ r \n  j x _ oHQ ITldintGlIdnCG COSt 3TG 
ESTIMATED AT $17,257,000 AND $298,400 (PER YEAR FOR 30 VEARO 

sssk disposai 

THL^SITE. THERE£ORE « IS ELIMINATED 

3-2-n Alternative 5 - Tn Situ Sand rn«r<ni 

Sf^f contaminated^'sVdiment^^ithin Un^n 

graded. Course sand wo îa'be Unx?£ormTeSp«arat nreVetCk5 • "H 
areas to form a nno_fr.ni- t-v,^J,T i y spread at predetermined 
contaminated sediments. it is estimated8'thafth°SS s?lected 
131,000 cubic yards of coarse Lnd tnnia ., .approximately 
APPROXIMATELY 81 ACRES OF CONTAMINATED SEVMENTTT^A ONE-IO" 

CONTAMINATED^ =8ED^MENTS~'WOU 1 D" "T EMPO R A R I LYP REDSSE 'K" T'?** 

contaminated "sediments'** Thus^M^ a'lTe' t B ° 
risks via the sedSrexposure'paLways"8tlVe r6dUCe the 

SSllSTViVr wouir'oT'/edû n̂rt̂ icr leVel in 

m^^Tjr^°^hrUsroCuerScesanaThTsy rlUl'l? f "« '^Vy'si"! 

sedhia:atsth%at„ar9c^erCi1„eanwPouldert la^ 

MIGRATION OF A?SENTC F"M THESEDTMENJSTO"8^. 1,EFHIN» AND THA 

ORVMOVEMENT" OF' STSSIMSSJ '%?•£??• "" 

ENVIRTMMENTAL "IMPACT "ON 'THE1 L^^P'P'V ̂  -
OCCUR TO THE HABITATS OF BIOTA, F ISH END T,"'LDLIFE!"" LMPACTS MAR 

sedTmVn^'witWn^the^arearof S4™d?V'°P °f the c0"t™inated 

vegetation, or wind-induced erosion® d1"* tkSi San<3' 9roKtl> 

«rai 
program. require a long-term monitoring and maintenance 
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Implementabi11t y: Coarse sand is a common construction material 
readily available locally. Trucks, front-end loaders and)or 
?lnnaf ̂n™Pln9 f°J the sani5 layer installation arl' conven-
tional techniques and are relatively simple to implement The 
constructibility of this alternative is v«y high! ®hUe ?£« 
reliability is low. The construction time is estimated a? 
fnr1^11113 /,S1X months. Annual monitoring would be required 
foot Ul public.life ot the late to ensure that the onl-
i-v, i. layer is maintained in those predetermined areas and 
areas ̂ his^tP °l- sedime.n^s ara not migrating into' new 
areas. This alternative would not trigger RCRA LDR reauirp 
or"disposedeof?entS fr0B thE Uke W°Uld n" ~ 

Sft JSS-ir 
tiveiv Th00 and }40'000 (per year for 30 years), respec
tively. The present worth cost, calculated at a HienLnt-
rate after inflation, is $3,235,000. CUiated at a 5% discount 

Conclusion; Although this alternative does not achievp anv 
reduction in toxicity or volume of the contaminated se«lLnl7 
it may slightly reduce the mobility of contaminants The alter' 
native may not provide a permanent solution for the Dr !̂  

treated1®© levrfiThPiin th* 6Vent that the sedim®nts cannot be 
treated to levels below those established by the treatability 
«medu!'acMo„alhTatiVf,W0^? pr0vide 5 -lively !™? 
sediments T°nn *J\at would n,inmize contact with contaminated 
evaluation. "nd coverin9 is retained for further 

3.3 SUMMARY OF INITIAL SCREENING OF REMEDIAL ALTERNATIVES 

^?leS-if~1 aP? 3-2 present a summary of the conceptual costs and 
alt?r;atir 5«eening processes that were presented in 
n 3'2' Conclusions from these tables are given below. 

X> red^c^uTe c?ntaminanta from the sediments would 
wheels AxJion !o„ir|OX1ilty„,nd mobility of contaminants, 

fixation would only offer a reduction of mobility. 

2) RCRA landfilling of the arsenic wastes (untreated sediments^ 

tomfciff L'M V ? 3 Pe™nent Since no reduction in 
toxicity, mobility or volume would be achieved, Alternativp* 

and 4B are eliminated from detailed evaluation. 

3) Off-site nonhazardous landfilling of the treated sedimpnt 
sJJi-a a Tre irapfementat>le than on-site landfilling due to 
landfill*, tao? appr°ral required for construction of a < 

an on-site landfill fo^disposll*95 " reaIlzed in utilizing S 
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TABLE 3-1 

PRELIMINARY CONCEPTUAL COST ESTIMATION NR PnTFNTIAL SNNPRR RNMTRNI AI TFPMATTYRC 

Potential Source fnptrol AltprnaH^ 

1. Alternative 1 - No Action 

2. Alternative 2A -
Removal/Fixation/Off-Si te 
Nonhazardous Landfill 

OJ 
I 

OJ 

3. Alternative 2B -
Removal/Fi xat i on/On-Site 
Nonhazardous Landfill 

Major Remediation Components 

1. Warning Signs 
2. Quarterly Monitoring 

IA. Hydraulic Dredging 
IB. Excavation 
2. Gravity Thickening 

Supernatant Water Treatment 
Chemical Fixation 
Off-Site Transport 
Off-Site Nonhazardous Landfill 
Quarterly Monitoring 

3. 
4. 
5. 
6. 
7. 

IA. Hydraulic Dredging 
IB. Excavation 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Gravity Thickening 
Supernatant Water Treatment 
Chemical Fixation 
On-Site Nonhazardous Landfill 
Land 
Post Landfill Monitoring 
Quarterly Monitoring 

Estimated 
Quantities 

75 
40 

354,000 cy 
131,000 cy 
7 x 10' gal 
56 x 10" gal 
167,000 cy 
211,000 tons 
211,000 tons 

1988 Dollars 

354,000 cy 
131,000 cy 

7 x lOj gal 
56 x 10® gal 

167,000 cy 
117,000 cy 

8 Acres 
16 

Unit Cost 

$100 
$1,000 

Total 

Capital Cost 

$ 7,500 

$ 7,500 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 200/cy 
$ 40/ton 
$ 50/ton 

Total A 
** Total B 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 200/cy 
$ 60/cy 
$50,000/acre 
$500 

Total A 
Total B 

$ 2,301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$33,400,000 
$ 8,440,000 
$10,550,000 

$54,723,000 
$54,132,000 

$ 2,301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$38,400,000 
$ 7,020,000 
$ 400,000 

$43,153,000 
$42,562,000 

Annual 
0/M Cost 

$40.000/yr 

$40,000/yr 

$40.000/yr 

$40,000/yr 

$180,000/yr 

$ 8,000/yr 
$ 40.000/vr 

$228,000/yr 

" # be P"'™- „,th the lake „ «, „«ess(uti„g 
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TABLE 3-1 (Cont'd) 

PRELIMINARY CONCEPTUAL COST ESTIMATION OF POTFMTTAL SOlJRfr rnnTROI fll TFPHATTurs 

Potential Source Control Alternatives 

4. Alternative 2C -
Removal/Fixation/Lake Deposition 

Malor Remediation Components 

IA. Hydraulic Dredging 
IB. Excavation 
2. Gravity Thickening 
3. Supernatant Water Treatment 
4. Chemical Fixation 
5. Lake Deposition 
6. Quarterly Monitoring 

u> 

U) 
00 

Alternative 3A - Removal/ 
Extraction/Sediments to Off-Site 
Nonhazardous Disposal/Off-Site 
Hazardous Sludge Disposal 

IA. Hydraulic Dredging 
IB. Excavation 

Gravity Thickening 
Supernatant Water Treatment 
Extraction 
Extractant Treatment 
Off-Site Transport 
Off-Site Nonhazardous Landfill 
Sludge Disposal 
Quarterly Monitoring 

2. 
•3. 
4. 
5. 
6. 
7. 
8. 
9. 

6. Alternative 3B - Removal/ 
Extraction/Sediments to On-Site 
Nonhazardous Landfill/Off-Site 
Hazardous Sludge Disposal 

IA. 
IB. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 

Hydraulic Dredging 
Excavation 
Gravity Thickening 
Supernatant Water Treatment 
Extraction 
Extractant Treatment 
On-Site Nonhazardous Landfill 
Land 
Post Landfill Monitoring 
Sludge Disposal 

10. Quarterly Monitoring 

94831: 
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Estimated 
Quantities 

354,000 cy 
131,000 cy 

7 x lOj gal 
56 x 106 gal 

167,000 cy 
117,000 cy 

1988 Dollars 

106 gal 

354,000 cy 
131,000 cy 

7 x 10J gal 
56 x 

167,000 cy 
15 x 10° gal 

106,000 ton 
106,000 ton 

9,000 ton 

354,000 cy 
131,000 cy 

7 x 10J gal 
56 x 106 gal 

167,000 cy 
15 x 106 gal 
71,000 cy 
5 acres 

16 
9,000 ton 

Unit Cost 

$ 6.5/cy 
$13.30/cy 
$0.05/1,000 gal 
$0.05/1,000 gal 
$ 200/cy 
$ 5/cy 

Total A 
Total B 

Capital Cost 

$ 2,301,500 
$ 1,742,300 
$ 3,500 
$ 28,400 
$33,400,000 
$ 585,000 

$36,318,000 
$35,727,000 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 80/cy 
$ 4/1,000 gal 
$ 40/ton 
$ 50/ton 
$ 200/ton 

Total A 
Total B 

$ 2,301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$13,360,000 
$ 60,000 
$ 4,240,000 
$ 5,300,000 
$ 1,800,000 

$27,093,000 
$26,502,000 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1.000 gal 
$ 80/cy 
$ 4/1,000 gal 
$ 60/cy 
$ 50,000/acre 
$ 500 
$ 200/ton 

Total A 
Total B 

2,301,000 
1,742,300 

3,500 
28,400 

3,360,000 
60,000 

4,260,000 
250,000 

$ 1,800,000 

$22,063,000 
$21,472,000 

Annual 
0/M Cost 

$40.000/vr 

$40,000/yr 

S40.000/vr 

$40,000/yr 

$180,000/yr 

$ 8,000/yr 

$ 40.000/vr 

$228,000/yr 



TABLE 3-1 (Cont'd) 

PRELIMINARY CONCEPTUAL COST ESTIMATION OF POTENTIAL SOURCE CONTROL ALTERNATIVES 

Potential Source Control Alternatives 

7. Alternative 3C — Removal /Extraction/ 
Lake Deposition of Sediments/ 
Off-Site Hazardous Sludge Disposal 

LO 
I 
u> 
* 8. 

Maior Remediation Components 

IA. Hydraulic Dredging 
IB. Extraction 
2. Gravity Thickening 
3. Water Treatment 
4. Supernatant Extraction 
5. Extractant Treatment 
6. Lake Deposition 
7. Sludge Disposal 
8. Quarterly Monitoring 

Alternative 3D - Removal/Extraction/ 
Plant Site Deposition of Sediment/ 
Off-Site Hazardous Sludge Disposal 

IA. Hydraulic Dredging 
IB. Extraction 
2. Gravity Thickening 
3. Water Treatment 
4. Supernatant Extraction 
5. Extractant Treatment 
6. Plant Site Deposition 
7. Sludge Disposal 
8. Quarterly Monitoring 

Estimated 
Quantities 

354,000 cy 
131,000 cy 

7 x 10J gal 
56 x 

167,000 cy 
15 x 106 gal 
71,000 cy 
9,000 ton 

1988 Dollars 

106 gal 

354,000 cy 
131,000 cy 

7 x 10^ gal 
56 x 10" gal 

167,000 cy 
15 x 106 gal 
71,000 cy 
9,000 ton 

Unit Cost 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 80/cy 
$ 4/1,000 gal 
$ 10/cy 
$ 200/ton 

Total A 
Total B 

Capital Cost 

$ 2,301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$13,360,000 
$ 60,000 
$ 710,000 
$ 1,800,000 

$18,263,000 
$17,672,000 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 80/cy 
$ 4/1,000 gal 
$ 15/cy 
$ 200/ton 

$ 2,301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$13,360,000 
$ 60,000 
$ 1.065,000 
$ 1,800,000 

Annual 
0/M Cost 

$40.000/vr 

$40,000/yr 

$40.000/yr 

9. Alternative 4A - Removal/ 
Off-Site RCRA Landfill 

IA. 
IB. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

Hydraulic Dredging 
Excavation 
Gravity Thickening 
Supernatant Water Treatment 
Dewatering System (Vacuum 
Filters) 
Blendi ng/Storage 
Off-Site Transportation 
Off-Site RCRA Landfill 
Quarterly Monitoring 

354,000 cy 
131,000 cy 

7 x 10? gal 
56 x 10" gal 

131,000 cy 

131,000 cy 
197,000 tons 
197,000 tons 

$ 6.5/cy 
$13.30/cy 
$ 0.05/1,000 gal 
$ 0.5/1,000 gal 
$ 10/cy 

$ 5/cy 
$ 80/ton 
$ 200/ton 

Total A 
Total B 

$ 2.301,000 
$ 1,742,300 
$ 3,500 
$ 28,400 
$ 1,310,000 

$ 655,000 
$15,760,000 
$39,400,000 

$59,458,000 
$58,867,000 

$ 40.000/vr 

$ 40,000/yr 

9483 QQ 
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TABLE 3-1 (Cont'd) 

PRELIMINARY C0NCEPTUA1 COST ESTIMATION OF PDTFNTIAL SOtlRCF CONTRA! A l  TFPMATTWITC 

Potential Source Cnntrol AlTern;»»i„fc 

10. Alternative 48 - Removal/ 
On-Site RCRA Landfill 

u> 
I 
o 

11. Alternative 5 
Sand Covering 

In Situ 

Major Remediation Component 

la. Hydraulic Dredging 
2. Gravity Thickening 

Supernatant Water Treatment 
Dewatering System (Vacuum 
Fi1ters) 
Blending/Storage 
On-Site RCRA Landfill 
Land 
Post Landfill Monitoring 
Quarterly Monitoring 

3. 
4. 

5. 
6. 
7. 
8. 
9. 

IB. Excavation 

1. Coarse Sand Cover Installation 
2. Quarterly Monitoring 

Estimated 
Quantities 

354,000 cy 
7 x 10, gal 

56 x 10' gal 
131,000 cy 

131,000 cy 
131,000 cy 

9 acres 
16 

131,000 cy 

131,000 cy 
40 

1988 Dollars 

Unit Cost 

$ 6.5/cy $ 2,301,000 
$ 0.05/1,000 gal $ 3,500 
$ 0.5/1,000 gal $ 28,400 
$ W/cy $ 1,310,000 

$ 5/cy 
$ 100/cy 
$ 50,000/acre 
$ 500 

Total A 
Total B 
$13.30/cy 

$ 20/cy 
$ 1,000 

Total 

$ 655,000 
$13,100,000 
$ 450,000 

$17,848,000 
$17,257,000 
$ 1,742,300 

$ 2,620,000 

Annual 
0/M Cost 

$250,400/yr 

$ 8,000/yr 
$ 40.000/yr 

$298,400/yr 

$ 40,000/yr 

$ 2,620,000 $ 40,000/yr 

94fl1h 
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TABLE 3-2 

SUMMARY OF SOURCE CONTROL (SEDIMENT) ALTERNATIVE SCREENING 

Source Control 
Alternatives 

Cost (Million Dollar 1080) 

C»pl tftl. 
NO ACTION 

Alt. 1 - No Action 

o Lake at its Full Condition 0.003 

N/A o Lake at i ts Drawdown 
Condition 

Annual 
0/M 

0.04 

N/A 

Present 
Worth 

0.62 

N/A 

TREATMENT 

Alt. 2A - Removal/ 
Fixation/Off-Site 
Nonhazardous Landfill 

o Lake at its Full Condition 54.72 

o Lake at its Drawdown 54.13 
Condi tion 

0.04 

0.04 

55.34 

54.75 

Alt. 28 - Removal/ 
Fixation/On-Site 
Nonhazardous Landfill 

0 Lake at its Full Condition 43.15 

42.56 o Lake at i ts Drawdown 
AN 

0.228 

0.228 

46.66 

46.07 

2 Q Q  

Effectiveness 

1. Minimize access to contami
nated sediment source areas 
by signs and public education 

2. Does not attain ARARs 
3. No reduction in toxicity, 

mobility or volume 

2. 

1. Achieves permanence of remedy 
in those sediments identified 
as a public health 
threat 
Reduces mobility of 
contaminants 

3. Treated material is believed 
to be deli stable 

4. Short-term potential public 
health and environmental 
impacts due to handling and 
transportation 

b. Facilitates lake restoration 
for public use 
Does not attain all ARARs 
Long-term adverse impacts 
could occur if significant 
redistribution of the con
taminated sediments occurs 
Requires pilot-scale study 
to confirm effectiveness 

6. 
7. 

8 

Imolementabi1i tv 

1. Easy implementation 
2. Monitoring technologies are 

reliable and available 
3. State approval and community 

acceptance are questionable 

Detailed 
Evaluation 

Retained 

1. Chemical fixation is well developed Retained 
and reliable technology 

2. Full—scale operation of fixation is 
commercially available 

3. Treatability studies proved fixation 
is a feasible technology 

4. Potential impacts on public health and 
environment can be minimized by providing 
health/safety protection measures 

5. Off-Site nonhazardous landfill facilities 
are commercially available 

6. Long-term post-implementation management 
is required to measure effectiveness of 
this alternative 

7. Delisting required 

1. Same as Items, 1, 2, 3, 
5,6,7 and 8 in Alt. 2A 

2. Long-term environmental 
impacts due to on-site land
fill would be possible 

3. Transportation impacts would 
be minimized 

1. Same as Items 1,2,3,4, and 6 in 
Alt. 2A 

2. Nonhazardous landfill technology 
is conventional and available 

3. State approval and community 
acceptance of on—site nonhazardous 
landfill is required 

4. Delisting preformed by USEPA Region II 

Retai ned 



TABLE 3-2 (Cont'd) 

Source Control 
A1ternativec 

Alt. 2C — Removal/Fixation/ 
Lake Deposition 

Cost (Million Dollar 198Q1 

Annual Present 
Cflpi tal 0/M Worth 

SUMMARY Qf SOURCE CONTROL <SEDIMENT) ALTERNATIVF SCREENING 

o Lake at its Full Condition 36.32 

o Lake at Drawdown 35 73 
Condition 

Alt. 3A - Removal/ 
Extraction/Sediments to Off-
Site Nonhazardous Disposal/ 
Off—Site Hazardous Sludge 
Disposal 

i j j  
I 0 Lake at its Full Condition 27.09 

10 o Lake at Drawdown 26.50 
Condi tion 

Alt. 3B - Removal/Extract
ion/Sediments to On-Site 
Nonhazardous Disposal/Off-
Site Hazardous Sludge 
Disposal 

0 Lake at its Full Condition 22.06 

o Lake at Drawdown 21.47 

Alt. 3C - Removal/Extrac
tion/Lake Deposition of 
Sediments/Off-Site Hazardous 
Sludge Disposal 

o Lake at its Full Condition 18.26 

o Lake at Drawdown 17.67 
Condi ti on 

0.04 

0.04 

0.04 

0.04 

0.228 

0.228 

0.04 

0.04 

36.93 

36.34 

27.71 

27.12 

25.57 

24.98 

18.88 

18.29 

Effectiveness 

Same as Items 2,3,5,6 and 8 
in Alt. 2A 
Long-term envi ronmental 
impacts on the lake possible 
if fixation process fails 

3. Minimizes transportation 
through populated areas 

Implementabi 1 i ty Detailed 
Evaluatinn 

2 .  
Same as Items 1, 2, and 3 in Alt. 2A Eliminated 
Transportation by barge is 
conventional and readily available 
Long-term post implementation 
management i s requi red 
Impossible to monitor effectiveness 
of fixation process 

5. If fixation process fails, no 
feasible method to recover fixated 
material 

4. 

3. 

1. Same as Items 1, 4, 
5, 6, 7 and 8 in Alt. 2A 

2. Reduces mobility and toxicity 
of contaminants in sediments 
Treated sediments believed 
to be del istable 
Sludge generated from extrac
tion process would be treated 
and disposed of at an off-
site RCRA Facility 

1. 

3. 

:- 4. 

5. 

Extraction is well developed 
and reliable technology 
Full-scale operation of extraction is 
commercially available 
Treatability studies indicate the 
target level can be obtained 
Extractant treatment process is a 
wel1-developed technology 
The implementation facilities require 
a considerable space 

Retained 

4, 5, 6, 7 

2. 

Same as Items 1, 
and 8 in Alt. 2A 
Same as Items 2, 3 and 4 
in Alt. 2A 

3. Possible long-term environ
mental Impacts on the land
fill area 

4. Minimizes transportation 
impacts on the environment 

1. Same as Items 1, 4, 5, 6, 7 
and 8 in Alt. 2A 

2. Same as Items 2, 3 and 4 in 
Alt. 3A 

3. Possible long-term environ
mental impacts on lake due 
to lake deposition of 
the treated sediments. 

1. Same as Items 1, 2, 3, 4, and 5 
in Alt. 3A 

2. Nonhazardous landfill technology is 
conventional and available 

3. State approval and community acceptance 
required for on-site nonhazardous 
landfill 

Retained 

Condition 

1,2,3,4 and 5 1. Same as Items 
in Alt. 3A 

2. Lake deposition would be 
a simple technology 

Retained 

69E0 300 NIA 



TABLE 3-2 (Cont'd) 

SUMMARY OF SOURCE CONTROL (SEDIMFNT) ALTFRMATTVE SCRFFNTM^ 

Capital 
Source Control 
Alternativps 

Alt. 3D-Remova1/Extraction/ 
Plant Site Deposition of 
Sediment/Off-Site Hazardous 
Sludge Disposal 

o Lake at its Full Condition $ 18.62 

o Lake at Drawdown Condition $ 18.03 

CONTAINMENT 

Alt. 4A - Removal/Off-Site 
RCRA Landfill 

o Lake at its Full Condition 59.46 U) 
o Lake at Orawdown 58.87 

to Condition 

Cost (Million Dollar 19891 

Alt. 4B - Removal/On-Site 
RCRA Landfill 

o Lake at its Full Condition 17.85 

o Lake at Drawdown 17.26 
Condi tion 

Annual 
O/M 

0.04 

0.04 

0.04 

0.04 

0.298 

0.298 

Present 
Worth 

19.23 

18.64 

60.07 

59.48 

22.44 

21.84 

Effectiveness 

1. Same as Items 1,4,5,6,7 and 8 
in Alt. 2A 

2. Same as Items 2,3 and 4 in 
Alt. 3A 

3. Minimal adverse environmental 
impacts due to plant site 
deposi tion 

2. 

3. 

1. Landfill does not attain 
SARA requirements 
Landfill without treatment 
does not meet RCRA land dis
posal restriction requirements 
Landfill does not achieve any 
reduction in volume or tox
icity but may reduce mobility 
of contaminant on-site 

4. Potential public health and 
environmental impacts due to 
handling and transportation 

5. Does not attain ARARs 

Imolementability 

1. Same as Items 1,2,3 and 4 
in Alt. 3A 

2. Plant site deposition would 
be a simple technology 

Detailed 
Evaluation 

Retained 

2 .  

3. 

RCRA landfill is demonstrated and 
proven technology 
Commercial RCRA landfill facilities 
are limited and require intensive 
administrative efforts 
No long-term post-implement manage
ment is required 
Dewatered sediments may require 
stabilization for off-site trans
portation and landfill 

Eliminated 

1. Same as Items 1, 2, 3, and 
5 in Alt. 4A 

2. Long-term environmental impacts 
on the landfill areas would 
be possible 

3. Minimizes transportation 
impacts on the environment 

1. Same as Items 1 and 4 in Alt 4A 
2. State approval and community 

acceptance for on-site hazardous 
landfill is questionable 

3. Long-term post-implementation 
management i s requi red 

El iminated 

9483h 
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TABLE 3-2 (Cont'd) 

SUMMARY OF SOURCE CONTROL (SFDIMFNT) ALTERNATIVE SCRFFNTNfi 

Capital 
Source Control 
Alternatives 

AT t. 5 - In Si tu 
Sand Covering 

o Lake at its Full Condition 2.62 

o Lake at Drawdown 
Condi tion 

Cost (Million Dollar lQBqi 
Annual 
_ML 

to 
I 
4* 

0.04 

Same as above 

Present 
Worth . 

3.24 

Effectiveness 

1. Sand covering does not attain 
ARARs 

2. Sand cover does not provide 
total reliable prevention 
of direct contact and 
ingestion risks 

3. Adverse impacts on lake 
ecosystem 

4. Potential erosion and 
disturbance and needs 
long-term maintenance 

5. Cost-effective alternative 

Imolementabilitv 

1. 

2. 

3. 

Oetailed 
Evaluation 

Implementation is relatively simple Retained 
and available 
Local traffic control and air 
pollution control are required 
Sand covering is not stable and 
needs long-term administrative 
control 

9483b 
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4) 

5) 

mentsd!?eSitfi!,0h1=an<1 P.la,V; fleP°^tion of extracted seai-

S'SJt'sr fTn4^^™.areas -ouid 

Sand covering is a cost-effective alternative that worn* 
minimize public health risks and environmental impacts and 
is retained for detailed evaluation. UIunentai impacts and 

resuUUsarJf alt?matives screened in this section and 
esults of the screening process are provided below. the 

Alternativa 

1 

2A 

2B 

2C 

3A 

3B 

3C 

3D 

4A 

4B 

5 

Description 

No Action 

Removal/Fixation/Off-Site 
Nonhazardous Landfill 

Removal/Fixation/On-Site 
Nonhazardous Landfill 

Removal/Fixation/Lake Deposition 

Removal/Extraction/Sediments to 
Off-Site Nonhazardous Landfill/ 
Off-Site Hazardous Sludge Disposal 

Removal/Extraction/Sediments to 
On-Site Nonhazardous Landfill/ 
Off-Site Hazardous Sludge Disposal 

Removal/Extraction/Lake Deposition 
of Sediments/Off-Site Hazardous 
Sludge Disposal 

Removal/Extraction/Plant Site 
Deposition of Sediment/Off-Site 
Hazardous Sludge Disposal 

Removal/Off-Site RCRA Landfill 

Removal/On-Site RCRA Landfill 

In Situ Sand Covering 

Results 

Retained 

Retained 

Retained 

Eliminated 

Retained 

Retained 

Retained 

Retained 

Eliminated 

Eliminated 

Retained 

< 
M 
z 

o 
o 
to 

o 
<JO 

3-45 
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SECTION 4.0 

VIN 002 0373 



4.0 DETAILED ANALYSTS OF REMPTITAL ALTRPWATTVB^ 

This section presents a detailed evaluation of each remedial 
Tabi^113!1!6 1**+ PttSed Jhe initial screening in Section 3.0. 
section Section a d .alternati.v_fs to, be analyzed in this 
the discusses the evaluation process used and 
analvzed The nfn* -i? against which the alternatives are analyzed. The nine criteria are: 

1. Short-Term Effectiveness 
2. Long-Term Effectiveness 
3. Reduction of Toxicity, Mobility or Volume 
4. Implementability 
5. Cost 
6. Compliance with ARARs 
7. Overall Protection of Human Health and the Environment 
8. State Acceptance 
9. Community Acceptance 

Section 4.2 discusses the assessment of the remedial 
alternatives in which each alternative is described in detail 
above Wlth respect to each of the nine criteria listed 

4.1 EVALUATION PROCESS 

The remedial alternatives are examined with respect to the 
regurrements stipulated in CERCLA as amended, OSWER Directive 
n2mod~»55.0-19 (Interim Guidance on Superfund Selection of 
Remedy , December 24, 1986), statutory factors described in 
FY^87 RecordsVofND* .93.55-B°~21 ("Additional Interim Guidance for 
fLrS of Decision", July 24, 1987) and USEPA's "Guidance 

un?r °nS ln^ri0lS 'anedtal!:iibla1„i,tUtsUdi0eI 

alternatives consists of the following components and processes: 

o Further definitions of each alternative, if appropriate, 
hJeSdd to tbe volumes or areas of contaminated media 

to be addressed, the technologies to be used, and any 
l t l iOTyn<?& requirements associated with those 
technologies. 

o Assessment and summary of each alternative against the 
9355 0-21 aS defined by the OSWER Directive No. 

o Comparative analysis among alternatives to assess the 
relative performance of each alternative with respect to 
each evaluation criterion. 

S5 

o 
o 
to 

o 
CO 
•o 

4-1 * 
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TABLE 4-1 

SOURCE CONTROL REMFPIAL ALTERNATIVES FOR DBTATT.En flHftr.vRic 

Alternative 1: No Action 

Alternative 2A: Removal/Fixation/Off-Site Nonhazardous Landfill 

Alternative 2B: Removal/Fixation/On-Site Nonhazardous Landfill 

Alternative 3A: Removal/Extraction/Sediments to Off-Site Nonhaz

ardous Landfill/Off-Site Hazardous Sludge Dis

posal 9 

Alternative 3B: Removal/Extraction/Sediment to On-site Non-
hazardous Landfill/Off-Site Hazardous Sludge 

Disposal y 

Alternative 3C: Removal/Extraction/Lake Deposition of Sediments/ 
Off-Site Hazardous Sludge Disposal 

Alternative 3D: Removal/Extraction/Plant Site Deposition of 
Sediments/Off-Site Hazardous Sludge Disposal 

Alternative 5: in Situ Sand Covering 

9484b 
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Each remedial alternative is evaluated with respect to the nine 
criteria presented below. At the completion of all detailed 
analyses, a summary section is included, whereby the sta*ni«™ 
factors and criteria described in OSWER Directive No 9355-021 

selectioi^process^ ̂  altetnati™ t0 aa"a£ i» the remedy 

implementation phase until the remedial action objective is 
met. Factors to be evaluated include protection of the 
thrmremediair^nnt-re,nedial .actions; Protection of workers during 

i. *• actions; environmental impacts resulting from the 
achieve^rotectionf"8 remedial "tions; and the time requited to 

theg~rIaul^ftnft'Ih[Tfiri: „*hi,s evaluation criterion addresses 
romnJ® H ^ remedial action in terms of the risk 
met Str?- i "te after the response objectives have been 
anniiert 7 i? effectiveness of the controls that will be 
applied to manage the risk posed by treatment residuals a_j/r._ 
untreated wastes. The components of this criterion inrinda 
magnitude of the remaining* risk measUie"b? nu^rical Itatdards 
2 » risk levels; the adequacV aT suitaMlitt o? 
and rhl USi . mana9e treatment residuals or untreated wastes-

the long-term reliability of management control^ for 
providing continued protection from residuals i e the 
assessment of potential failure of the technical component's. 

The evaluation of the risks in this category will consider 
f:exposure risks only. As discussed previously, there 

wa?er and1f9romni^ecr he?UJ rlsks £«m exposure to the surfa« 
k«J J ingesting fish. These risks will not necessariiv 
be reduced through sediment remediation. However the surfare 

"ska ^y.he reduced by stopping the source of arson" 
entering the rivers, thereby reducing the water's arsenic 

5s BVerSn.- ̂  " - -ct̂  ̂  

toxicity, mobility, and volume expected; and the tvno an* 
guantity of treatment residuals. *eccea' ana the type and 

9484b 
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Implementability: This criterion addresses the technical and 
administrative feasibility of implementing an alternative and 
the availability of various services and materials required 
during its implementation. Factors of technical feasibility 
include construction and operation difficulties, the reliability 
of technology, the ease of undertaking additional remedial action 
and the ability to monitor the effectiveness of the remedy. The 
administrative feasibility includes the ability and time 
required for permit approval and activities needed to coordinate 
with other agencies. Factors to evaluate the availability of 
services and materials include the availability of treatment, 
storage and disposal services with the required capacities; the 
availability of equipment and specialists; and the availability 
of prospective technologies for competitive bids. 

Cost.. The types of costs that should be addressed include 
capital costs, operation and maintenance (O&M) costs, costs of 
five year reviews (where required), the present worth of capital 
and O&M costs and potential future remedial action costs. 
Capital costs consist^ of direct and indirect costs. Direct 
costs include expenditures for the equipment, labor, and 
materials necessary to install the remedial actions. Indirect 
costs include expenditures for engineering, financial, and other 
services required to complete the installation of the remedial 
alternatives. Annual O&M costs include auxiliary materials and 
energy, disposal of residues, purchased services, administrative 
costs, insurance, taxes, and license costs, maintenance reserve 
and contingency funds, rehabilitation costs and the costs of 
periodic site reviews. 

This assessment evaluates the costs of remedial alternatives on 
the basis of present worth. Present worth analysis allows 
remedial alternatives to be compared on the basis of a single 
cost representing an amount that, if invested in the base year 
and disbursed as needed, would be sufficient to cover all costs 
associated with the remedial action over its planned life. A 
required operating performance period is assumed for present 
worth and is^ a function of the discount rate and time. An 
operating performance period of 30 years and discount rate of 5% 
after inflation (OSWER 9335.3-01, page 7-24) are assumed for a 
base calculation. The "study estimate" costs provided for the 
alternatives are intended to reflect actual costs with an 
accuracy of -30 to +50 percent. 

A cost sensitivity analysis assesses the effect that variations 
in specific assumptions associated with the design, 
implementation, operation, discount rate and effective life of 
an alternative have upon the alternative if there is sufficient 
uncertainty concerning the specific assumptions. Factors of a 

ynt£alyS^S i?clud.e risk-based target levels, effective 
life span, O&M costs, duration of cleanup, volume of contaminated 
material, size of the treatment system and discount rate. 

9484b 
4-4 



Cornp X i ance—Witth—ARARs • This evaluation criterion is used to 
determine how each alternative complies with applicable or 
relevant and appropriate federal and state requirements Is 
dluilfl?: " SeCtl°" 121* EaCh alternative is evaluated " 

o Compliance with chemical-specific ARARs (e.g., MCLs); 

o Compliance with action-specific ARARs (e.g., RCRA 
minimum technology standards); 

o Compliance with location-specific ARARs (e a 
preservation of historic sites); and 

o Compliance with appropriate criteria, advisories, and 
guidances (e.g., "To Be Considered" material). 

If?!?-4r2 Pr®sents a list of ARARs and "To Be Considered" (TBC) 
Thl ffhio t.w®re used .t0 evaluate the remedial alternatives. 

JteS- provide specific statutory or regulatory 
m&M in Sertfo" /P2PUCati0nS t0 the remeaial '"ernatives 

?l0n I! 4.°n a comP°slte of factors such as long-term and 
Ihl ? effectlveness and compliance with ARARs. Evaluations 

of the overall protectiveness address: 

° time;3 Specific alternative achieves protection over 

o How risks are reduced; and 

o How each source of contamination is to be eliminated, 
reduced, or controlled for each alternative. 

State Acceptancei This assessment evaluates the technical and 

;̂?!SIId/ionrCloUpd|os£eVtUreS the Stata aupp°"a< 

CommunitY Acceptance: This assessment incorporates public input 

to° beS a&usUTS features8 £ 
SSJiity. reservatlons of the community and opposition of the 

I?? ^!Lte has reviewed the first draft of this FS and has 2 
Hweie? CthTenD?hit? lt:hwhich are incorporated into the report. * 
However, the public has not been provided with a formal 

o 
o 
NJ 

o LJ 
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TABLE 4-2 

AWP "TBC" MATERIAL ™p 
ALTERNATIVES UNDERGOING DETATT,^ EVALUATION 

ARARs and "TBC" Ma^r^l 

Contaminant - Sp»cifir. 

o Federal Clean Water Act 
Quality Criteria 

Alternative 
Type 
Affected 

Source Control 

New Jersey Department of 
Environmental Protection 
Citation under the 
Environmental Cleanup 
Responsibility Act (ECRA) 
(ECRA-NJAC 7:103) New 
Jersey Soil Cleanup TBC 
for arsenic 

NJ Surface Water Stds 
(NJAC 7:9-4, 14(c) 
and (d)) 

Action - Specific? 

o Federal and NJ Hazardous 
Waste RCRA Treatment 
Storage and Disposal 
Facility Standards 
(40 CFR 264/265 and 
NJAC and 7:26-9, 10 
and 11) 

Source Control 

Source Control 

Source Control 

Applicati 

Ambient Water 
Standards for Sur
face Water used by 
NJ to develop 
their own stan
dards . 

Soil cleanup 
action level 

Ambient stds for 
water treatment 
systems discharge-
ing to surface 
water 

General stds. for 
groundwater moni
toring, closure, 
and post-closure 
activities 

Clean Water Act NJPDES 
Discharge to Surface 
Water Requirements 
(NJAC 7:14A-1 fit seq. 
Appendix F) 

Source Control Stds. for water 
treatment systems 
discharging to 
surface water 

Design and 
operating stds., 
closure and post-
closure activi
ties for specific 
treatment systems 

< 
H 
25 

o 
o 
to 

o 
u> 
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TABLE 4-2 (Cont'd) 

x. ."TBC" MATERTAT- pnp RKfffiPTAT. 
ALTERNATIVES UNDERGOING DETAILED FVALHATTOM 

ARARs and "TBr" 

Action-Spa^if^ (Cont'd) 
o Clean Water Act (Cont'd) 

Alternative 
Type 
AffPrtPrt Application 

- Landfills 
- "Miscellaneous" 

units such as 
soil leaching, 
extraction, ion 
exchange, fixa
tion and other 
chemical, phy
sical, and bio
logical treat
ment systems 

o Federal Resource Source Control 
Conservation and Recovery 
Act (RCRA) Land Disposal 
Restrictions 

Federal and NJ Non-
hazardous (Sanitary) 
Landfill Stds. 
(40 CFR 257/258 and 
NJAC 7:26-2A and 2) 

Federal and NJ Trans
portation Requirements 
for Hazardous and Non-
hazardous Waste 
(40 CFR 263 and NJAC 
7:26-3 and 7) 

OSHA-Recordkeeping, Re
porting and Related Reg
ulations 

Source Control 

Source Control 

Source Control 

BDAT required 
prior to land dis
posal of certain 
contaminated 
wastes 

Design and operat
ing stds for 
sanitary landfills 

Off-site transport 
of treatment 
residues and exca
vated material 

General stds. out
lining the record
keeping, and re
porting regula
tions 

< H 
as 

o 
o 
fo 
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TABLE 4-2 (Cont'd) 

- .ffffiS..AWP "TPC" MATERIAL FOR REMRnTAT. 
ALTERNATIVES UNDERfiOTNG BETATLED EVAT.PATIQN 

Alternative 
Type 

ARARs and "TBC Material— Affected 

Action-Specific (Cont'd) 

o OSHA Health and Safety Source Control 
Requirements for Hazard
ous Substance Responses 
(29 CFR 1910) 

o RCRA Characteristic Test- Source Control 
xng for Hazardous Waste 
Ident ification 
(40 CFR 261) 

o RCRA-Contingency Plan Source Control 
and Emergency Procedures 

o DOT Transportation 
Requirements for Hazard
ous Waste 
(40 CFR 100 - 177) 

o NJ Toxic Substances Air 
Pollution Stds 
(NJAC 7:27-17) 

Source Control 

Source Control 

o NJ Ambient Air Quality 
Stds. (NJAC 7:27-13) 

Source Control 

o National Historic 
Preservation Act 

Source Control 

Location - sPaHf^. 

o NJ Soil Erosion and Sedi- Source Control 
ment Control Act of 1975 
(NJSA 4:24-42) and 
Guidance 

9484b 

Application 

Worker Protection 
stds. for all 
activities 

EP Toxicity Test 
for determining 
whether a 
material is RCRA 
hazardous 

General stds. for 
emergency contin
gency plans 

Manifest system 
for hazardous 
waste transport 

General prohi
bition on dis
charge of pol
lutants to air 
from storage tanks 

Stds. for limiting 
discharge of cer
tain particulates 

Requires Stage 1A 
survey during 
remedial action 

Vegetative and 
engineering stds. 
to control sedi
mentation and 
conserve soil 



TABLE 4-2 (Cont'd) 

-.-ffi?.?. AWP "TPr" MftTER1AT' F0T* REMRntAT. 
ALTERNATIVES UNDERGOING PETATT.ED EVAT.TTATTOH 

ARARS and "TBC Mafpri;^ 

Action-Rppcifjo (Cont'd) 

o National Endangered 
Species Act 

o US Fish and Wildlife 
Coordination Act 

o Federal Floodplain and 
Wetlands Executive Order 
and Policy (#11990 and 
11988) (40 CFR 6, Appen
dix A) 

o New Jersey Coastal Area 
Facility Review Act 
(CAFRA) Permit Requirements 
(NJSA 13:19-1 fit seq) 

Alternative 
Type 
Affected 

Source Control 

Source Control 

Source Control 

Source Control 

New Jersey Wetlands Source Control 
(Coastal and Fresh) Permit 
Requirements (NJSA 
13:9A-1 fit seq. and 
13:9B-1 fit seq 

NJ Stream Encroachment 
Permit Standards 
(NJAC 7:8-3.15) 

Rivers and Harbors Act 
Section 10 
Clean Water Act 
Section 404 Stds 

Source Control 

Source Control 

Application 

Activities that 
affect endangered 
species 

Activities that 
affect fish or 
wildlife in stream 
areas 

Activities that 
affect flood-
plains and 
wetlands 

Activities af
fecting coastal 
areas 

Activities af
fecting wetlands 

Construction with
in 100-yr flood-
plain areas 

Excavation acti
vities in river
ine areas may fall 
within "navigable 
waters of the US" 
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alteJiatiH* review the detailed analysis of the remedial 
oroJidld huV *L ti- synopsis of state comments has been 
antieiMfaH i-t. «1C comments are not available. it is 
anticipated that the formal comments from the State and t-ho 

for this ps brel\Vi6eL the 30"dar Pub"<= "^ent per od 
the ROD^ and responsivenes^^ummary" then b* ln 

4.2 ASSESSMENT OF REMEDIAL ALTERNATIVES 

Each source control (SC) alternative for the arsenic contaminated 
sediments m the Union Lake will be discussed in a se£a?atf 
subsection of Section 4.2. OSWER Directive nS 9355 S!5 
fit*™*??8 <.devel°Pment of SC alternatives ranging from an 
alternative that would eliminate the need for long-term manaae-
them^M f-VernJti^e* involvin9 treatment technologies to reduce 
the mobility, toxicity, or volume of contaminants Containm«»^ 

o?tsnnaeLatinv°esaCti0n alte"atlVe al« part *„f this range 

idESf U? c^t^n.^1^..1"^^ ̂""londlcVina '° „?* 
education programs and instituting site-use'restrictions PUThis 

of tasU1/6 5?! no Provisions for the trlat^nt of contaioSi? 
? Alternatives 2A and 2B involve on-site treatment of 

arsenic-contaminated sediments by chemical fixation The 
treated sediments would be landfilled as nonhazardous' wastes 
off-Site and on-site for Alternatives 2A and 2B. respectivelv 
Alternatives 3A, 3B, 3C and 3D involve on-sit4 treatment ^ 
arsenic-contaminated sediments by extraction (i e sediment-

nonhazrrdou^'materi'al/'off-site Sandmon-siteUforbAltirnatives " 

fLeth\ ^ollrl^n? 
provideŝ clitafnment 
but does not include treatment. 9 a sana layer> 

4-2-1 Alternative 1 _ wn 

4.2.1.1 Description 

FHs s»:"« 
!E"3rT"7 s ^  at 500-foot intervals around the oerimpfar 1 fosce° 

1'-a. ££ 

< 
M 
Z 

o 
o 
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iHr! °r*r"°f" "° llye"s 

a site visit would be performed yearly. Because thi« aifama 
tive would result in contaminants rem?ining on"ite c^cu 
amended requires that the site must be reviewed every five y"rs 

The major work items associated with this alternative are: 

o Mobilize/demobilize; 

o Install and maintain warning signs; 

Establish institutional control limiting the site use; 

tonJllIS?i.«aJinUali. "Motion and water/sediment sampling 
monitor contaminant concentration and migration; 

Conduct educational programs, including public 
meetings and presentations, to increase public 
awareness; and 

o 

o 

o Perform a site .review every five years. 

4.2.1.2 Assessment 

• «•'^ *-ecfc*vene5S; This alternative would only 

significant impacts o'n° pi^bli^health TnTthe1 envirSSmeSt 
during implementation activities. On-site workers would 
be properly protected with personal protection eauimnent-

E" t£ ̂sediments''^' ?lth S" ingest^n^Ton^miSs 
alternative ?? fluring the implementation of this 
iternative. Therefore the risks through direct contarf 

with and ingestion of the sediments can be minimized 
Education programs, including public meetiia 
SSSSr' M°Ula be PreSented tD increase public 

not9reducegfch?fii lv2T'ftBI? Jk® n° action alternative would 
and r®duce_the level of sediment contamination in the lake 
a??aineder Some '5* tar9et <isk level «o»M not 'be 
attained. Some years may be required before natural 

arsenic c^centraftf/011P in' tI"echanisms reduce the sediment 
achieve the"""Vet rtsh "eveK tQ to 

9484b 
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The alternative would be designed to prevent ingestion of 
and/or direct contact with the contaminated sediment? bv 

Site- • The long-term ef?ectiv£ 
health risks thriuah thoVe .in . .mi1nimizin9 baseline human 
denonS ™ ?!. 9 ^ potential exposure pathways would 
ulenf ?hesuccess in preventing access to the site and 
risk*a.ilJSi J* t i l**' The incremental lifetime cancer 
JiJiS- f S exposure to sediments in areas to be 
remediated are greater than 2xl0~6 and lxlO-5, the 
the9ei*«C«TnCeX riak level for the more accessible areas and 
the less accessible areas respectively. if the access 

Mt dlS™nS *Wete unsuccessfu1' these risk levels might not decrease for some years. yflC 

AddUionallvatth^ JSII-v imProve the lake ecosystem, 
the ^he. johrlrzation of arsenic contaminants from 

sediments to the lake water may occur in the future. 

alternative "would"*!^ 1tl0bi 11 ̂  T Yolnmp: This 
« would not involve any containment, removal, 

«« i* ̂  disposal of the contaminated sediments. it 
fori i!?ve JJ® contaminated sediments in place. There-
^ V*. kls . alternative would not result in any reduction 
in the toxicity or mobility of contaminants. Ve lake's 
natural degradative and transport mechanisms may resuspend 
disperse, and possibly leach the sediments to lake water 
Therefore there may be a reduction in the volume ^ 
ass£minSatafl Sfd*ments in .the lake over time. However, 
stoDDed i/minhf ft arsenic releases to the lake were 
stopped, it mght take some years for the natural dynamics 

contaminatua sediment? "y r6dUCe the volume °f 

ImPlemerH-a^H^Y 

° Techhical Feasibility? Posting warning sians is a 

contractors s pllh^ask' "h^ch co"ld be pelfo/me'd^by 'local 
available There«ulr?f equipment is readily 
relatively short period o^t'ime. "mpleted »"hi„ a 

Once posted, warning signs would minimize site access 
wMiJnLlnSPfCtl01i and the rePlacement of missing signs 

ness o? the !̂ !a- t.Direct monitoring of the effective-ness of the alternative may be difficult since i<- ie 

SSSS' t%^1"U£reŜ letVu<irS EES'" J* 

surveillance^ould de^er aVcVs"VkoTationl te9Ul" PUbUC 

° Snuf!l'TB Fffldihillfy: Implementation of this < 
?estJ?cJ reoreeM P"""® institutional controls to 3 
restrict recreational use of the lake. Considerable 

O 
- o 
to 
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wUh'this n,ana9ement would be associated 
and a ritiil I because wastes would remain on-site 
inspections, sampling® and*public edu«tiin®p?og"ms 

and regulatorySa^tMtiont.ShOPS) M°Uld demand ^-i«rativ4 

iS^ahil h t  .capftaJ cost for this alternative, as outlined 
for this in" $44,450. Operation and maintenance costs 
:or fc.hl® alternative, outlined in Table B-9 III 
approximately $49,455 a year, for 30 years Th! La ! 
worth c°st, calculated It a' discount7 rate 
inflation, is $874,245. This cost represents all of the 
coniri^etht0 Pi?St K-.®.rning si9«s, implement institutional 

inf0rmin' activities, and'co^oj 

22SEllflncfi_Kl±lL_ABABa: ARARs for the No Action alternative 

monitoring activities*9 Requitemints loHhe^e* acUvi?ies 
include OSHA Health and Safety Standards. activities 

frnm alternat*ve would not remove contaminated material 

contaminated81 sediment.wou Jd ^l/^ide^l^L"! 

potenti^" for "tTe'" co^aminan™* to® mTg^te^from 1*1 
sediments into the lake water and the potential for human 
exposure to the contaminants would not be eliminated As 
this is a No Action Alternative, it does not trigger £i>R 

and ,lake are not RCRA units and therefore RCBA 
relevant. C1°SUre may not 

8HriE/B ®*eaasrŝ ° 1̂ i<°"nĉ he rcieanupinievei 

the less^ acces" ible EH.?00—lbl' «eas and 120 mUg in 

remedial^®nhior«ya *S consi(3ered responsive to the 
remedial objectives, but provides a -base case- f«r 
comparison between other alternatives. 

o 
o 
N) 
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0 State—Acceptance: The state's comments regarding this 
alternative note that the no action alternative would be 
protective of human health through the implementation of 
public education programs and institutional controls to 
prevent site access. 

0 Community—Acceptance; No public conooents have been 
received to date. 

4,2,2 Alternative 2A - Removal/Fixation/nff-Sifrft Nonhazardniis 

4.2.2.1 Description 

The major features of this alternative for the lake at its full 
condition include hydraulic dredging of contaminated sediments, 

^ treatment and disposal, and supernatant water treatment 
and discharge. A schematic diagram is shown in Figure 4-1. 

If remediation of the site were conducted when the lake is drawn 
down, the ma;jor features of this alternative would include 
excavation of the contaminated sediments, sediment fixation, and 
disposal of the treated material. 

a source control (removal/treatment) alternative in 
which the contaminated sediments identified as a potential 
public health risk are removed and fixated. The processed 

c<?"^ be disposed of in an off-site nonhazardous 
landfill facility. 

o Hydraulic Dredging 

If the remediation were conducted when the lake is at its 
full condition, hydraulic dredging would be performed to 
remove contaminated submerged sediment to a depth of 
approximately 1.0 foot. Hydraulic dredges remove and 
transport sediment in a liquid slurry form which contains 
approximately 10 to 20% solids by volume. It is expected 
that the lake water would provide a minimum water depth to 
maintain hydraulic dredge mobility. 

A "portable- dredge is a type of hydraulic dredge that is 
for use in shallow bodies of water and industrial 

settling ponds, and is transportable by truck. One of the 
most widely used portable dredges is the Mud Cat dredge, 
whose applications to date have included dredging small 
reservoirs, streams and industrial ponds. The Mud Cat is 
also known as a horizontal-auger dredge. 

The Mud Cat is pontoon-mounted and features a horizontally 

mounted, auger-like cutting device that feeds the 

excavated sediment to a suction intake of a diesel-driven 3 

centrifugal pump producing an 8 ft-wide cut. The auger is z 
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FIGURE 4-1 
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mounted along the base of a bulldozer-type blade. The 
JSJiJInSnJX9Urtti0n,i.,fith suction PiPe attached, is 
controlled by a hydraulic boom. The dredge is moved along 
a"*8?*811*bored cable during each traverse of excavation, and the dredged material is discharged ashore through a 

float-supported pipeline. s 

The Mud Cat is considered to be the best dredge qualified 
for use in Union Lake and has been selected for the 
following reasons: 

1. Small size - The Mud Cat can be transported to the L X con/entLional tractor-trailer truck and 
placed in the water by crane. 

2. Shallow draft - It draws just under 2 ft. 

3' activ<M^SPen»l0n., °f sediments during dredging 
activities - Based on recent studies by the US Armv 
Corps of Engineers for the USEPA, Mud Cat dredging 

"n be operated to produce a resuspension 
plume that does not migrate from the immediate 

°1 j?e dredge intake. Accomplishing this 
d°®acomeatthe. expense of dredge optimization, since 
flows must be increased to pull in more water to 
minimize the size of the plume. As an added 
precaution, silt curtains will be situated downstream 

r®.suspend®5 sediment. Transport modeling 
! ! tudies would enable strategic placement of 
silt curtains during final design. 

Two Mud Cats could dredge sediments at a combined rate of 
eiah?X1h« y 1S° cubic yards of sediment/slurry per hour, 

/* 9 i ' APPro*in>ately 131,000 cubic yards of 
sediment (m-place volume, assuming 54% solids and 46% 
bv tLaMud e»(1«n~PlaCe sedlPe?t aensity) could be removed 
Th© infra? ' over a period of approximately two years. 
The total pumping rate of the water-sediment slurry with 
approximately 20% solids by volume would be approximately 
Dininn"1' I ®lurry would be Pumped through a floating 
piping system to an on-site treatment facility. Clean 
sand would be used to restore the dredged areas. 

Excavation 

Sediment excavation would be implemented if remediation 
""ducted with the lake at drawdown cLd?t?on ?? < 

suffiri.nnHP8Cae^ the exposed sediments would be S 
sufficiently dried to perform dry excavation 
Approximately 131,000 cubic yards of exposed sediment <= 

would be removed. y seoiment 0 
to 

o 
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The exposed sediment would be removed from the 
contaminated areas using a backhoe. A low ground pressure 
backhoe, which is used for excavating soft material, may 
f required for the sediment. Additionally, other 
standard excavation equipment, bulldozers, front-end 
loaders and clam shells would be utilized when 
appropriate. The sediment would be transported directly 
to an on-site treatment facility. Clean sand would be 
used to restore the excavated areas. 

Sediment Chemical Fixation 

The sediment would be treated at a facility constructed on 
the designated site using the chemical fixation system 
shown m Figure 4-1. Due to the size of the lake and the 
remoteness of the areas that are to be treated, the treat
ment facility would be relocated several times during the 
remediation. Therefore, portable equipment and/or 
equipment that can be disassembled and reassembled easily 
is preferred. The dredged sediment would first be 
thickened by means of 14 hydroclones operating in parallel 
Seven hydroclones would operate while the other seven 
would be on standby. The excavated sediment would not 
require thickening and would be transported directly to 
the fixation system by trucks and fed by means of belt 
elevators. The sediment would be treated in mixing tanks 
using the fixation process. The addition of water would 
be required for the excavated sediments to achieve the 
proper formulation for fixation. The fixated sediments 
would be cured in an on-site storage area for a specified 
period of time (approximately 48 hours) to complete the 
fixation/stabilization process. 

Bench-scale tests were performed to prove the feasibility 
°r chemical fixation for the contaminated sediment by 
Thi -v1Iin/r^-CO,ninercial. Pf°Prietary "K-20/LSC" process. 
!??,. Kr20/JSC process is based upon a chemical treatment 
utilizing three components: sediments, a dry reagent and a 
liquid reagent. The dry reagent is made from Portland 
cement, fly ash and activated carbon powder. The liquid 
r®f9®nt is a commercial silicated blend known as K-20/LSC, 
which has been developed and manufactured by Lopat 
Enterprises, Inc. of Wanamassa, New Jersey. The K-20/LSC 

!!SS ^^demonstrated and Proven to be effective, 
having the ability to be custom-blended as needed for a 
particular application. tor a 

The sediment and dry reagent would be thoroughly blended 
in specially designed high-powered mixing tanks. After 
blending, the liquid reagent would be injected into the 
mass and further blending would take place. A rapid 
chemical reaction would occur, transforming the product 

© 
o 
to 
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into a gel. The gel would then be extruded into a 
confinement (curing basin) where it would be kept for 
48 hours. The fixated product in the treatability test 
achieved an unconfined compressive strength (UCS) of 
approximately 9,000 psf, which significantly exceeded the 
required design strength of 1,500 psf. 

The resulting product would be chemically fixated and 
physically stabilized. All constituents of concern, such 
as arsenic, would be bound within the K-20/LSC gel. The 
product would be a solid with a rock-like appearance and 
would be suitable for landfill disposal. Details of the 
test results are given in Section 6 and Appendix A of the 
Union Lake RI Report (Ebasco, 1989e). 

0 Supernatant Water Treatmpnt-

The overflow from the thickeners would be directed into 
two clarifiers 20 ft in diameter by 10 ft high. Alum 
ferric chloride and polymer would be added and mixed in 
order to remove suspended solids and reduce arsenic 
concentrations to below 0.05 rag/1. The clarified 
supernatant would then be tested and returned to Union 

3 dls1cJia,f9e system. The settled solids from the 
™fiers would be pumped back to the fixation units and 
^SJnLni-6* treaJed in the same manner as the contaminated 
sediments. in order to optimize this system, a 

SJ5 y would he required. The excavated 
sediments would not require thickening and thus no 
supernatant would be generated. 

° Qff-Site Nonhazardous Disposal 

J!®„fn;x!te,d sediment would be loaded onto trucks for 
if a i?arfy hazardous landfill. This means 
of disposal would be preceded by a NJDEP ID 27 waste 
^?"i£iC.a".°-n £or the trea.tea sediments The tola? 
volume of fixated sediment is estimated to be 117,000 

J °-f water* The trucks would be lined, 
sealed, and decontaminated prior to leaving the site. 

The major construction components and facilities for this 
alternative are outlined in Table A-2 of Appendix A. 

4.2.2.2 Assessment 

Short-Term Effectiveness: The short-term effectiveness 
concerns with this alternative include pSlil KSlth 
threats, adverse impacts on the environment and the safety 

w?5k?rs during the implementation activities. The 
incinii8 VC health threats to area residents would 
inciude direct contact with spilled wastes and the 
inhalation of fugitive dust. The sediment treatment plant 
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would be located, at a minimum, 500 feet away from the 
nearest recreational facility or house. The entire 
MS? APlant W°Ulid^bK fenced and warning signs would be 
Snii TI, would be limited to authorized personnel 

.ZF® s°urces of fugitive dust emissions include 
sediment, cement and fly ash used in the fixation 

process. The storage and handling of these materials 
would be performed in a closed silo and in a vessel 
equipped with proper dust control devices. The fHated 
sediments waiting to be transported off-site would be 
contained to prevent release to the envirnnmanF 
from6this the ?hort-term Public health threats resulting 
from this remedial action would be minimal. 

dred9in9_ operations would result in localized 
sediment resuspension and could temporarily affect biota 
Since hydraulic dredging would be limited to local shallow 
time enahl' su®Pe?sl0"s would settle in a short period of 
avoid the fiS5 and wildlife have adequate room ?o 
restri^f* i " e<* area. The use of Union Lake would be 
the duriug the operation. The adverse effects on 
and localized6"1 environment would be temporary 

Excavation of the exposed sediments would pose potential 
workers D^ino""^5 t0 "?a and^on-srte 
!,„!» • During the excavation process, proper dust 
aenerat^10n ,meas"res. would be practiced to prevent the 
generation of contaminated dust. 

If6 risk to w.orkers would be minimized by the use 
of adequate preventive measures and proper personnel 
protective equipment, which would prevent direct contact 
with wastes and the inhalation of fugitivedustAllunit 

irh „„ausid thlbtenipi;£ormidatlo{i t h d 9  r 
areas11™The chlmical Tessal.s and sil°®> and in confined li-iveŝ wô r̂t1 r 
cJHeSHd 9anedratfr...£rr ,the curin" has in would be 

supernatant would'be'fested^fo/Hr^nfc pr'or'to be™* 
woul̂ bê inimal'0 ̂  Ihe -ort̂ rm̂ rî -to'wô  ̂

H«eas^rtttr»rfmv(oin,PaStS 0n the environment include 
arSi The Uf.ovi • " c°?struction operations in the 
be decontarnVn»t.a tra"sP°rtln9 the fixated sediments would 
Hucks throunh thl ? covered; however the passage of 
impact Additional ""f^boring communities could have some 

*ddltIonal traffic could cause noise pollution a 
SUJIi ® increase in accidents and air pollution. On-site 
safety issues would include the truck trafficTiccidenJs? 
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noise and airborne particulates from transporting the fixed 
sediment. An appropriate local traffic control plan would 
be implemented by the local authorities. Proper dust 
control measures such as water spraying would be practiced 
to minimize air pollution. 

re<Juired to complete this remedial action is 
estimated at approximately three years. 

Long~T6rm Effectiveness* Immobilization through chemical 
fixation is designed to render contaminants insoluble, 
SSSIM-I f l °\ the fixated wastes, reduce the 

u direct human contact, and improve waste 
fha°'""ctermies. This alternative would reduce 
the mobility of the contaminants; it would not achieve any 

l0Tln1Tl v°lu» toxicity. Chemical fixation would 
8?1°a f ̂  sediments into a stable cement-type 

matrix with minimal free water. The supernatant separated 
from the dredged sediments would be treated using physical-
chemical precipitation processes in order to remove arsenic 
to levels below 0.05 mg/1 prior to discharge to Union Lake. 

The jjajor long-term effectiveness concern would include 
any beneficial and adverse impacts on public health and 

e"vir°?raf?t that might result from the completion of 
^10!?il . The major benefit associated with this 

! mihUn1? l-n.K • sediments that have been determined as 
public health risk would be removed and treated. This 

woJn?1 id-/tduCf ,the P°tential public health risks and 
S i.- i a e restoration for public use. The 

minimize11 th» conta™inai?t loa.* in these sediments would 
JsS nf %h0 T P?SS It ingestion risk during recreational 
use of the lake. The cancer risk for arsenic via the 
ingestion exposure pathway would thereby be reduced to 
approximately 2 x10-6 in the more accessible are." and 

u i  . less accessible areas; however, sediments 
exceeding the target level would remain in the lake. 

If contaminated sediments remain in the lake, natural 
water dynamics, human disturbance and the growth of 
vegetation may redistribute them. Any of these occu?-
S ma7 result in previously clean areas exceeding ?he 
»»»! Jll or may result in previously contaminated 
Plan would™1^ rLea,n"ri ^e*®^01® a long-term monitoring 
plan would be required to measure the effectiveness of 
this alternative. Additional remedial activities may be 
required in the future if significant redistribution of 
contaminated sediment occurs. In addition, because this 
iiaeonaV^® '7>-Uld4.Kres?1i xin contaminated sediments remain-
reoui^e that •«- t CEROA as amended, would also 
require that the site be reviewed every five vears to 
determine the effectiveness of the alternative7 or £o 
identify new technologies that could be applied to the 
problems of this particular site. 
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No adverse environmental impacts are expected to result 
from the implementation of this alternative. As this 
alternative would remove contaminated sediments under a 
maximum fire foot water depth, dredging would occur in 

Wu t areas. Impacts from dredging operations 
would be kept at a minimum by controlling the sediment 
^USE®nSi0n plurae ^ varying the intake flow rate. 
Impacts from excavation operations would be kept to a 
minimum by utilizing dust suppression techniques. Anv 

ofre,M ctha1t.n,igh.t- be disturfaed during the* implemen
tation of this alternative would be identified and taken 
into consideration for restoration during final design. 

The fixated sediment would be transported and disposed of 
• 1*4. nearS£. llcens®d off-site nonhazardous landfill 

nJSiJl w* iacillty. w°uld not be expected to pose 
public health risks or risks to the environment since it 

3 flfed. facility in compliance wiJS all 
appropriate regulations and since the mobility of the 
arsenic in the fixed sediments is low. 

MO 11 J**?ty' MPbi 1 Uy or VQlume: Immobilization 
«nHUl fw -r solldlfyin9 sediments containing heavy 

metals and other inorganics such as arsenic. This form of 
fixation is generally affected by the sediment matrix 
contaminant constituents, and the fixation additives. 
Many of the commercially available processes use 
proprietary additives and claim to stabilize a broad range 

compounds ^rom divalent metals to organic wastes. Some 
fixation!! results (USEPA, 1985b) indicate that successful 
Jiff- 2 w 0f ..,a.rs.enic-contaminated sediment could be 

utilizing a modified process that involved the 
use of sodium silicates. 

chemical fixation has been designed based on the 
diffi^nt ad?-1?- J1® Veatability tests deluding three 
SerHnn « n\  ™ °Fraulat lons (see Union Lake RI Report 
Section 6.0). The treatability test results indicated 
carbon  amPpeSv iC0I iS iS t in9  °f sediraentS' K-20/LSC, activated 
carbon, Portland cement and fly ash might meet the 
performance criteria. After 48 hours of curing, the 
mixture yielded RCRA EP Toxicity Test results of 
approximately 1 mg/1 of teachable arsenic. Th^ fixated 
nnoo f• !*ould have approximately 9,000 lb/ft2 of 
hiaheJlntha co™pres®i^e strength (UCS), which is much 
landf illina11 tJ?® lb/ft2 generally required for 

" • support truck traffic and other 
U^PA""Em-™9 i eqiiipment •. In addition, the sample yielded 
USEPA Multiple Extraction Procedure (MEP) results with 
J!?imuni arsenic leachate concentration of 0.32 mg/1. Tl 

ELt'i tC\ estlmate tha long-term stabili^ of tt S 
treated material under conditions simulating 1,000 year a 
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?! ®xposu.tj; <j° «cia rain (48 CFR 52686-87, November 22, 
1982). Based on these test results, as well as the 
discussion presented in Subsection 3.1.1.2.2, it is 
aaan?«d that the fixation process could be optimised 11 
enable delisting of the fixated sediments. 

an il?or9a?ic silicate-based material that has 
fixation: 9 ma:,0r functlons contributing to successful 

o Precipitation of inorganic arsenic; 

o Encapsulation of arsenic contaminants; 

cJn^iiaSts?danf aMli"ti0n~ °f encapsulated arsenic 

tntaVHrateCdamba°tnriPr0"der 'as0rption °f °r9.nic arsenic 

foredtM^ t.hie^MEP.tESt d"a' the treatment processes used 
for this alternative would be irreversible, and arsenic 
bound in the sediment would not be expected to be 
leachable. Thus chemical fixation would provide an almost 
inoraanic rem*ldy by r?ducing the total mobility of both 
sediments that are9*?16 «. arseni® in the contaminated 
landfi 1 lino of t-ho F • ®a^ed• . The off-site nonhazardous 
landfillmg of the fixated sediments would also provide an 
adequate containment for reducing the mobility of 
contaminants, but would not contribute to the overall 

The"chemical fixation10"7 " VOlUme o£ the ""taminants. xne cnemical fixation process would result in an increase 
SompleeteT° ^ Weight of material after treatment is 

This alternative would greatly reduce the mobility of 
arsenic sediments that pose threats to human health The 
be^redurnd Unl°n Lake Water in the areaT of concern may 
be reduced as a consequence of reducing the suspension of 
arsenic?ate<* SOlids and the Phase transfer of soluble 

Implementabi1 i ty» 

° oSCS?f2fli This alternative involves 
f i x a t i o n  eC dredging or dry excavation, chemical 
fixation, supernatant treatment and off-site 
nonhazardous landfilling. These are all 

coi de-e^?ped ar?d Proven technologies and are h commercially available. Hydraulic dredging for 25 

as a Mud^aV can1^ rei?°va1' usin9 equipment such 
Mud Cat, can be provided by many vendors and is 

9484b 
4-22 

o 
o 
to 

o 
u> 
ID 
in 



readily available for lease or purchase. Excavation 
using standard equipment, such as a low ground 
pressure backhoes can be provided by several vendors. 

Chemical fixation technologies are commercialized and 
can be provided by many manufacturers with their own 

»ff5ri*:etar?K b*ends* . The commercial silicate blend 
usedI f°r the treatability study was selected because 

of *ts ability to be custom-blended as needed for a 
particular application. Similar blends are available 
from other vendors if the necessity arises. Other 

materials required for chemical fixation, such as 
Portland cement, fly ash, and activated carbon powder, 

l l t ii.hi. COnS?n ind?strial materials commercially 
available. The equipment required for chemical 

incl"de1f standard cement mixing and handling 
facilities, which are also commercially available. 

The supernatant from the dredged sediment would 

require treatment. The physical-chemical precipita

tion treatment systems are traditional industrial 
wastewater treatment processes which can be installed 

b,.f-the-shelf hardware. Nonhazardous landfill 

\h6S aIe available within a reasonable distance 
from the site and have indicated a willingness to 
accept these treated materials. 

dred9*n9 can easily be performed to depths 
below the expected limit of contamination (one foot). 
On-site sediment and water testing would be required 
ML"*1* £r* Mud Cat's effectiveness. One pass of 

"df Cat over an area can remove approximately 1.5 
feet of sediment. If necessary, a second pass over 

cleanSTlevel. C°Uld b® performed meet the specified 

tX<5^ati0n utilizin9 equipment including a backhoe 

below hi02Ca? *alS!°- b® easily Performed to depths 
4-KXSeC f? limit of contamination. it is 

® *1 3 .« exposed sediments would be 
sufficiently dry to facilitate the use of dry 

l lZ l l l l101B.io£CtatST,i- v An5L contarainated sediment 
utiiir?nn ke shore would be removed 

?9 .h^hees or a clam shell scoop. The 

mar«he?*ir northern end of the lake may exhibit 
marsh-like properties necessitating the use of a low 

ground pressure backhoe. The condition of the lake 

in the de£e * c°nsideration during final desi 
the determination of the best method of excavatior 
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The chemical fixation process utilizing conventional 
S'min9 and blendin9 equipment could handle many 

• sediroent composition. The 
^iJ™1Caatl°n/fl^ati?n/stabilization of sediments to 

i arsenic leachate concentration below the 
target level of 0.32 mg/1 would be simple from a 
technical standpoint; there are no appreciable 
construction or operation difficulties anticipated for 
ooLnVfnn aystem- Similarly, the construction and 
operation of the supernatant water treatment system is 
not expected to encounter any unknown problems. 

I!l?»,«Sh5!!ical .^ixation process provides a reliable 
method for meeting all performance goals, it would be 

t̂ ,t any technical difficulties would Uad to 
delays. Labor and materials are readily 

a! comPonents of this alternative. The 

yf-C0ylex-components of this alternative are 
sediment fixation and water treatment; however, these 

are proven technologies. The other components are 

comparatively simple. F re 

Conditions external to the site, such as equipment and 
disposal facility availability, present no known 
problems at this time. This remedial alternative 
provides a reliable process for handling the 
contaminated sediment. nanaimg tne 

The time required for implementation of this remedial 
^ apProximately 24 months. If the neld 
ll* m?Ie 0r less sediments than 

nr could be accomplished by extending 
Jesuits 9 rernediation period. Beneficial 
results (i.e., to reuse the lake for recreational 
purpose) would be achieved almost immediately 

following the completion of the construction. ediately 

hilltY: Treated overflow from the 
sediment thickening operations associated with 
dredging would be returned to Union Lake. A discharqe 
sSoeifund11^ "J*" b® required since this is an on-site 
disehaJnf ™1S?i?a K9® "• However' a statement that this 

* *ould be m compliance with ARARs would be 
required for state and local approval. Since the 
Watlr W^Ula b® treated to meet the Safe Drinking 
standard ^ i?nd N®W Jersey Surface Water Qualit? 
to the lJke ?h«Sid -and l0Cal approvals for discharge 
to the lake should not pose a problem. 

fS!iitutional i. sdministration would be required t( a 

IZZllt theefixateSnhadard0llS landfill site that coul, 
bedi«nn5!w 553ted sediments. since the waste woul -
be disposed of off-site, NJDEP would be responsibl NJ 
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for approving the delisting petition. This could 
result in a relatively lengthy process. Based on the 
results of the treatability study, with confirmation 
from the vendor, and with concurrence from USEPA 
Region II, the fixed sediment is expected to meet 
delisting requirements, and therefore disposal at a 
nonhazardous landfill would not be expected to Dose 
any problems other than time considerations for 
SJEiS *ir p?il0*ln9 the delisting process, the NJDEP 
would make the determination of whether or not the 
material is ID 27 waste. The classification of the 
1 •  s e d 3 f ® n 1 . t  a s  . I D  , 2 7  ^ s t e  w o u l d  r e q u i r e  
landfilling of the material in a permitted facility. 

^n,. addition, coordination with the local traffic 
?S *.WOri? be re<l«ired to control the 

additional traffic for transporting the treated 
solids. An appropriate local traffic control plan 
would be implemented by the local authorities. 

o Cost: The costs for this alternative have been 
estimated considering the lake at its full condition 

considering the lake at drawdown. The capital 
j-for ls alternative with the lake at its full 

condition, as outlined in Table B-2, is estimated to 
be $34,591,000. Short-term and long-term operation 
fn -EHI ei?n?!? costs for this alternative, outlined 
i?-* B-10, are approximately $20,562,000 and 

re®PecV.vely- The present worth cost 

iJ $71 247 nnn 3 *"count rate of 5* after inflation, 
to Ihinl' +w- J lS represents all of the activities 

? thicken, fixate, haul and landfill the 
t0 trta-fc the contaminated supernatant; 

the operation and maintenance functions on 
monitor?^ ^ system components; to perform annual 

? assess sediment redistribution; and 
perform the six required five-year reviews. 

A cost sensitivity analysis was performed for this 
alternative by varying the water depth to which 
remediation would be conducted, . thus varying the 
volume of contaminated sediment to be removed. 
Sensitivity to water depth was analyzed at a five-foot 
eo^+« dePth and a ten-foot water depth. Present worth 
costs, considering the lake at its full condition 

«tr«$a2ê h08;„°rt0\!,na,,l97'861'000 £or the water depth and ten-foot water depth, respectively. 

These costs represent a difference of +69% to 178? 

• estimj£ed Present worth cost of the base cast ^ 
Fionas a196* costs are summarized in Table 4-3. h 

selsUivi'ty costs 8 9raphioal "Presentation of the a 
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SENSITIVITY ANALYSIS OF COSTS (1989 DOLLARS) 
BASED UPON HAZARDOUS SEDIMENT QUANTITIES 

UNDERLYING VARYING DEPTHS OF UATER 
DREDGING CASE 

CAPITAL COST ANNUAL 0 & M PRESENT WORTH 

•Cfc 
I 
N> <T\ 

ALT 
DEPTH OF 
UATER (FT.) DIRECT INDIRECT TOTAL 

1 DOES NOT APPLY S 35,000 $ 9,450 $ 44,450 

2A BASE CASE 
5.0 
10.0 

$27,237,097 
$45,885,757 
$74,975,032 

$ 7,354,016 
$12,389,154 
$20,243,259 

$34,591,113 
$58,274,911 
$95,218,291 

2B BASE CASE 
5.0 
10.0 

$10,820,246 
$16,958,543 
$26,533,418 

$ 2,921,466 
$ 4,578,807 
$ 7,164,023 

$13,741,712 
$21,537,350 
$33,697,441 

3A BASE CASE 
5.0 
10.0 

$20,268,107 
$32,510,477 
$51,606,845 

$ 5,472,389 
$ 8,777,829 
$13,933,848 

$25,740,496 
$41,288,306 
$65,540,693 

3B BASE CASE 
5.0 
10.0 

$12,611,824 
$18,918,147 
$28,755,120 

$ 3,405,192 
$ 5,107,900 
$ 7,763,882 

$16,017,016 
$24,026,047 
$36,519,002 

3C BASE CASE 
5.0 
10.0 

$ 8,870,451 
$12,559,517 
$18,313,940 

$ 2,395,022 
$ 3,391,070 
$ 4,944,764 

$11,265,473 
$15,950,587 
$23,258,704 

3D BASE CASE 
5.0 
10.0 

$11,610,914 
$16,705,285 
$24,651,783 

$ 3,134,947 
$ 4,510,427 
$ 6,655,981 

$14,745,861 
$21,215,712 
$31,307,764 

5 BASE CASE 
5.0 
10.0 

$ 2,476,276 
$ 4,118,010 
$ 6,678,884 

$ 668,594 
$ 1,111,863 
$ 1,803,299 

$ 3,144,870 
$ 5,229.873 
$ 8,482,183 

$ 
S 
$ 

s 
* 
% 

% 
t 
% 

t 
t 
$ 

$ 
s 
t 

$ 
$ 
s 

s 
s 
$ 

LONG TERM 

49,455 

13,020 
13,020 
13,020 

89,530 
144,901 
231,273 

13,020 
13,020 
13,020 

60,398 
93,907 
146,176 

13,020 
13,020 
13,020 

13,020 
13,020 
13,020 

13,020 
13,020 
13,020 

SHORT TERM 

$ $ 874,245 

$20,562,475 $ 71,246,971 
$35,119,015 $120,708,466 
$57,825,162 $197,861,414 

$20,562,475 $ 51,413,566 
$35,119,015 $ 85,722,192 
$57,825,162 $139,238,806 

$ 1,832,012 $ 29,227,193 
$ 2,186,175 $ 45,402,179 
$ 2,738,620 $ 70,632,873 

$ 1,832,012 $ 20,132,854 
$ 2,186,175 $ 29,214,039 
$ 2,738,620 $ 43,379,406 

$ 1,832,012 $ 14,752,170 
$ 2,186,175 $ 20.064,460 
$ 2,738,620 $ 28,350,883 

$ 1,832,012 $ 18,232,558 
$ 2,186,175 $ 25,329,585 
$ 2,738,620 $ 36,399,944 

$ $ 3,368,883 
$ $ 5,453,886 
$ $ 8,706,196 

66£0 ZOO NIA lake is at its full condition. 



200 197.9 FIGURE 4-2 
COST SENSITIVITY FOR LAKE AT ITS FULL CONdlTION 

alternative: 
FIXATION/ 
OFF-SITE 
LANDFILL 

ALTERNATIVE 2B 
FIXATION/ 
ON-SITE 
LANDFILL 

ALTERNATIVE 3A 
EXTRACTION/ 
OFF-SITE 
LANDFILL 

ALTERNATIVE 3B 
EXTRACTION/ 

ON-SITE 
LANDFILL 

ALTERNATIVE 3C ALTERNATIVE 3D 
EXTRACTION/ EXTRACTION/ 

LAKE REOEPOSITtON PLANT SITE DEPOSITION 

ALTERNATIVES 
IN SITU SAND COVER 

DEPTH OF WATER 

2.5 ft. 

aoft. 

10.0 ft 

VOLUME OF SEDIMENT 

130,608 cubic yards 

228,622 cubic yards 

381,510 cubic yards 

NOTE: SEDIMENT VOLUMES BASED ON UPON WATER DEPTHS WHEN THE LAKE IS FULL 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE ~ 

FIGURE 4-2 
SENSITIVITY OF REMEDIATION COSTS TO 

WATER DEPTH USING DREDGING OPERATIONS 

EBASCO SERVICES INCORPORATED 



The capital cost for this alternative with the lake at 
nS °UXlin^i in Table C"1' is estimated to be 

$32,317,000. Short-term and long-term operation and 
?!!£?iera«Ce C°StS f°r. this alternative, outlined in 
Tame C-8, are approximately $20,487,000 and $13,000, 
respectively. The present worth cost calculated at a 
discount rate of 5% after inflation, is $68,840,000. 
This represents all of the activities to excavate, 

?? and landfill the contaminated sediments; 
perform all operation and maintenance functions on the 
treatment system components; perform annual monitoring 
to assess sediment redistribution; and perform the six 
required five-year reviews. 

A cost sensitivity analysis was performed for this 

^meSiaMon 7 J81?1119 th® Water depth to which 
remediation would be conducted, thus varying the 

contaminated sediment to be removed. 
Sensitivity to water depth was analyzed at a five-foot 
water depth and a ten-foot water depth. Present worth 

the lake at drawdown condition were 
Siifi783-00? a"? *191'5"<°0° the five-foot water 
depth and ten foot water depth, respectively. These 
costs represent a difference of +69% to 178% over the 

pre;?nt worth cost of the base case 
alternative. The costs are summarized in Table 4-4. 

Presents a graphical representation of the 
sensitivity costs. 

th^ option for this alternative assumes that 
in ->v ? sediments are classified by the HJDEP as 
? 27 wastes. in the event that they are not 

38 SUiCh and can be put to beneficial and 
nff tit- TV i0^1 vendors could haul the materials 

?iSt»flbube them to their customers. This 
situation could be viewed as a cost savings to this 
alterative, since it would eliminate virtually all 
disposal costs. The present worth cost of ?he 
alterative, assuming no disposal costs, is $44,466 ooo 
52 f 1L°51'T° ,f°r the at its fail LnliUo®'and 
the lake at drawdown, respectively. 

In the event that the treated sediments cannot be 
£n"de"d 5eliSttble' off~site RCRA landfilling would 
be required. The present worth costs for this 
alternative, considering RCRA disposal of the treated 

5£S""£j TXl ̂  \ake is at its iull condition and 

$103,2«!ooo! respecave™. are «« 
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H 
2? 
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TABLE 4-4 
SENSITIVITY ANALYSIS OF COSTS <1989 DOLLARS) 
BASEO UPON HAZARDOUS SEDIMENT QUANTITIES 

UNDERLYING VARYING DEPTHS OF UATER 
EXCAVATION CASE 

ter depth assumes lake fs at Its full condition. 

CAPITAL COST ANNUAL 0 & M PRESENT WORTH 

ALT 
DEPTH OF 
UATER (FT.) DIRECT INDIRECT TOTAL LONG TERN SHORT TERN 

1 DOES NOT APPLY S 35,000 $ 9,450 $ 44,450 $ 49,455 $ $ 874,245 
2A BASE CASE 

5.0 
10.0 

$25,446,160 
$42,948,533 
$70,249,461 

$ 6,870,463 
$11,596,104 
$18,967,354 

$32,316,623 
$54,544,637 
$89,216,815 

$ 13,020 
$ 13,020 
$ 13,020 

$20,487,428 
$35,008,867 
$57,659,996 

$ 68,839.581 
$116,783,134 
$191,567,450 

2B BASE CASE 
5.0 
10.0 

$ 9,029.350 
$14,021,269 
$21,807,882 

$ 2.437,925 
$ 3,785,743 
$ 5,888,128 

$11,467,275 
$17,807,012 
$27,696,010 

$ 89,530 
$ 144,901 
$ 231,272 

$20,487,428 
$35,008,867 
$57,659,996 

$ 49,006,227 
$ 81,796,799 
$132,944,884 

3A BASE CASE 
5.0 
10.0 

$18,876,051 
$29,972,087 
$47,280,151 

$ 5.096,534 
$ 8,092,464 
$12,765,641 

$23,972,585 
$38,064,551 
$60,045,792 

$ 13,020 
$ 13,020 
$ 13,020 

$ 1,808,043 
$ 2,133,364 
$ 2,640,815 

$ 27,416,835 
$ 42,084,902 
$ 64,964,770 

38 BASE CASE 
5.0 
10.0 

$11,219,788 
$16,379,733 
$24,428,443 

$ 3,029,343 
$ 4,422,528 
$ 6,595,679 

$14,249,131 
$20,802,261 
$31,024,122 

$ 60,397 
$ 93,907 
$ 146,176 

$ 1,808,043 
$ 2,133,364 
$ 2,640,815 

$ 18,322,520 
$ 25,896,734 
$ 37,711,324 

3C BASE CASE 
5.0 
10.0 

$ 7,478.424 
$10,021,093 
$13,987,261 

$ 2,019,174 
$ 2,705,695 
$ 3,776,560 

$ 9,497,598 
$12,726,788 
$17,763,821 

$ 13,020 
$ 13,020 
$ 13,020 

$ 1,808,043 
$ 2,133,364 
$ 2,640,815 

$ 12,941,849 
$ 16,747,140 
$ 22,682,800 

30 BASE CASE 
5.0 
10.0 

$10,218,882 
$14,166,866 
$20,325,109 

$ 2,759,098 
$ 3,825,054 
$ 5,487,779 

$12,977,980 
$17,991,920 
$25,812,888 

$ 13,020 
$ 13,020 
$ 13,020 

$ 1,608,043 
$ 2,133,364 
$ 2,640,815 

$ 16,422,231 
$ 22,012,271 
$ 30,731,867 

5 BASE CASE 
5.0 
10.0 

$ 1,713,651 
$ 2,783,088 
$ 4,451.251 

$ 462,686 
$ 751,434 
$ 1,201,838 

$ 2,176,337 
$ 3,534,522 
$ 5,653,089 

$ 13,020 
$ 13,020 
$ 13,020 

$ 
$ 
$ 

$ 2,400,349 
$ 3,758,534 
$ 5,877,101 



VOLUME OF SEDIMENT 

130,608 cubic yards 

228,622 cubic yards 

381,510 cubic yards 

' NOTE: SEDIMENT VOLUMES BASED ON UPON WATER DEPTHS WHEN THE LAKE IS FULL 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELANP CHEMICAL COMPANY sFj" 

FIGURE 4-3 
SENSITIVITY OF REMEDIATION COSTS TO 

WATER DEPTH FOR DRAWDOWN REMEDIATION 

EBASCO SERVICES INCORPORATED 

E0»° r.oo „IA 



O Compliance with ARARS 

The Rivers and Harbors Act Section 10 regulation 
requires that adequate preventive measures be provided 
to minimize disturbance to lacustrine areas. Hydraulic 
dredging activities in the lake would require 
appropriate preventive measures to minimize resuspen-
sion, erosion, and dissolved oxygen depletion. if 
excavation were implemented, preventive measures to 
minimize erosion of the lake shores would be required. 

The lacustrine areas would be within the broader 
waters of the U.S." jurisdiction of Section 401 and 

°f th® C1Aan Water Act (CWA)- Section 401 of the CT4A requires that any activity must not result 

in a discharge that violates water quality criteria 

based on existing water quality and water body 

classifications. y 

Section 404 specifically requires that no remedial 
alternative affecting a wetland shall be permitted if 
3 Pra^fcl.cable alternative with less impact on the 
wetland is available. This ARAR would seem to favor 
the implementation of dry excavation, as this may have 
less impact. Coordination with state and federal 
agencies would be necessary to obtain the 401 and 404 
?!!!! •!? t«.t0 obtain water quality certifications to 
comply with these ARARs. 

alL£equired by th® federal and state location-specific 
reraediatl°n activity (e.g., dredging or 

excavation) performed in wetlands, floodplains or 
coastal areas would be performed to mitigate adverse 
impacts on sensitive areas. Dredging or excavation of 
contaminated sediment, which by itself fulfills the 
goals of these regulations, would be limited to the 

"ecefsary to achieve the cleanup objective. 
durina0n^hoC^0ri woul.d avoid wetlands and floodplains 
during the implementation of the remedial actions to 
control degradatl°n of these areas, other examples of 

measures that would be taken include erosion 
discharges restoration and treatment of any 

The Fish and Wildlife Coordination Act requires that 
ST-ffSf°PrXate 39enCy exercisi*g jurisdiction over a 

resource, and the U.S. Fish and Wildlife 
Service, be consulted before undertaking any actii 
that modifies a body of water. Special attention mu: < 
be qiven to the impact on wetlands and floodplaii S 
( ! ,?£«res) in acc°rdance with Executive Orders 119' 
SS2nii.ii. In • additi°n, the National Endanger* o 
Species Act requires that special attention be giv* g 
to the impact on areas where endangered species resid* 

o 

9484b 4"31 2 



The sediments would be chemically fixated on-site. 
IS® r®5"*r?!??nts for._th® treatment activities are that 
the facilities would be constructed, operated and 
maintained according to RCRA facility standards, and 
colnlrS9 t0„ 0SH5 Industry Standards and Regulations 
concerning hazardous wastes. RCRA 40 CFR 264 is 

2fil 2?Jw?\ f°A />iw1xe activities. RCRA 40 CFR 
aniiirshii • (d)(1) govern the degree of treatment 

hiSfi • in r®gulatin9 particulate air emissions 
n/f -V19 transporting the fixated material 

w i l d  h  6  dispos a l .  D u s t  su p p r e s s i o n  m e a s u r e s  
S5[»tiS. provided for any potential fugitive dust 

The liquid waste stream generated from the dredged 
sediments would be treated and discharged in 
Nation?06 pWi\th4- fc.?e e.ffluent requirements of the 

5 lutant Discharge Elimination System 
7M?f 91 Jersey State SPDES permit (NJAC 

Quality Standard. " thS "®" Jer5ey Suc£ace Mater 

The treated sediments would be transported off-site 
according to Federal and New JersV Tr.n.pSrtatioJ 

CFRU263mnndSNTAT 7Ha"r,dous. and Nonhazardous Waste (40 
CFR 263 and NJAC 7:26-3 and 7). 

The New Jersey Solid Waste Regulation (NJAC 7:26), 
particularly Subchapter 2A - Additional Specific 
Disposal Regulation for Sanitarv Landfill «= 
nonhaza d9®6> W°U.ld ** consider®d for managing txeaJed 
nonhazardous wastes for off-site landfilling. This 
regulation would give guidance on classifying 

materials as ID 27 wastes. 7 ng 

tLfdi%CLSSn.in.S,UbSeCti0? 3 • 1 • 1.2.2, it is assumed 
that the fixated material would meet delistina 
requirements, and would not be subject to RCRA LDRs. 

Since arsenic-contaminated sediments would remain in 
site h£6' C?RCL^ as araei"led would require that the 
lift reviewed every five years to determine the 

iV6"eSS °f the alternative, or to identify new 

ttis pa?t"ular sit"Uld ̂  8PPlied t0 the problems at 

At the start of the remedial design, a Stage IA 
Survey, consisting of a comprehensive literature 
HistorirWp b® ®onducted according to the National 
Historic Preservation Act. 

Based on the above analysis, it is expected that 
Alternative 2A would comply with the ARARs identified. 

o 
to 
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^uman wHealth ahd the Environment; 
This alternative involves the removal and treatment of 
those sediments that were identified as a potential 
public health risk. Removal of these sediments would 
reduce the cancer risk level via the sediment ingestion 
exposure pathways to 2 x 10-6 in the more accessible 
areas. The cancer risk level in the less accessible 
areas would be reduced to 1 x 10-5. 

Chemical fixation processes produce a solidified and 
stabilized matrix which results in a product that 
would be nonhazardous and subsequently meet delisting 
requirements. Chemical fixation would be a permanent 
T!? ir_r®ve*sible remedy for the contaminated sediments. 
It reduces the mobility of the arsenic compounds in 
the sediments. 

The remaining arsenic-contaminated sediments in the 
lake could pose a public health threat if the 
sediments are redistributed by natural transport 
mechanisms or human disturbance to the areas of 
remediation. These sediments would be accessible for 
human ingestion. 

Only a small percentage of arsenic contaminated 
sediment (approximately 5%) would be removed from the 
lake as a result of this alternative. Further 
reduction in the arsenic in the lake sediments, if 
desired, would have to be accomplished by natural 
processes. Due to the limitations of the available 
?horL mechanics of the lake are not fully known. 
There are two pathways for arsenic in the sediments to 
be removed by natural processes: arsenic desorption 
into the lake water and suspension of the arsenic-
contaminated sediment into the lake water, in both of 
these pathways the arsenic could be transported out of 
the lake in the overflow. However, the arsenic 
desorption rate cannot be quantified utilizing the 
existing data. Furthermore, sediment transport/ 
^fro?^o10n . within the lake are unknown. 
Therefore, while this alternative is protective of 

• th®a. reduction of Potential adverse 
I Z Z Z Z tw i m P * c t s  a s  a  r e s u l t  o f  t h i s  a l t e r n a t i v e  
?I5?9t quantified. it is believed that the 
implementation of this alternative may improve the 
lake ecosystem by reducing the potential exposure 
EfiJn"*8 arsenic contamination to fish and 
wi xante • 

State Acceptance: No specific comments to the 
lnZrll^nnP\°^Sf W?Fe received; however, a comment < 
concerning the location of the treatment facility was w 
received. Due to the site of the lake and th. 

O 
o 
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remoteness of the areas to be remediated, the 
facility would, be relocated several times 
.remediation. Therefore portable equipment 

* can be easily assembled and 
eonn^rnT?i I-K1S Preferred- The general comment 
concerning the implementation of the remedial 
alternative while the lake is at drawdown has been 
incorporated into the report. Also, additional 
sampling at the initiation of the remedial action to 
confirm the location of the sediments to be removed is 
applicable here. 

0 ComBMUtY—Acceptance: No public comments have been 
received to date. 

4,2,3 Alternative ZB - Remova1/Fixafc ion/nn-siWnnhazarrtm,g 
Landfill 

4.2.3.1 Description 

The major features of this alternative include hydraulic 
dredging andp chemical fixation of contaminated sediments 

landfillino Jf di.s.char9e' and on-site nonhazardous 
thellllof the treated sediments. These activities would be 
the same as those discussed in Alternative 2A. 

If the remediation is conducted when the lake is at drawdown 

chemicVr fYxYtYY °/. alt?rn?"ve include dry ercaYS,' 
cnemical fixation of contaminated sediments, and on-sit-» 
and 1?ndJillin9 of the treated sediments. Excavation 
Alternative 2A. sediments would be the same as discussed in 

T^Su a source control (removal and treatment) alternative 
f?™L,1S a"Ctiy the same as Alternative 2A except that ̂  
fixated sediments would be disposed of on-site. A schematic of 
iedime** on/yStem considering both hydraulic dredging of the 
J!g™eT-l.an6 eXCavation of the sediments is printed in 

o Qn-Site Nonhazardous Dispo^ 

f f*-1K^ted •sediment would be transported by trucks 
J curing area to a landfill constructed on-site 

in tho °f theff' The lan^fill would be situated 
southern section of the ViChem plant site. The 

been* fanii' b K**e ^an<^^H on ViChem property has 
been facilitated by USEPA's definition of Union Lake 
as being part of the "Superfund Site". ^ 

annrni?m»4- required for the landfill would be Z 

for rnl 7 A ^ °f the 3rea W0Uld be US<* © 
for roads and maintenance facilities. The landfill g 
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would be constructed in accordance with the New Jersey 
5!;?..^', Regulation (NJAC 7:26) requirements fo? 
?»£????«* sanitary landfills. The on-site landfill 
facility, depicted in Figure 4-4 and Figure 4-5 would 
leachi?* anni°iW P?rraeabi11 fcy base and liner system, a 
system collection system and a three-layer capping 

Tn-7 5e/fc °f Gl,a/'w with a Permeability less than li •-», ?^SetV- would be us?d as the landfill base. A 
/mm? AlrLer of 40 mil high density polyethylene 
rUiTfi*-* be Placed over the clay bed. The leachate 
collection system would consist of a two-foot thick 
rnn«iia-yer a network of six-inch diameter piping 
consisting of groups of perforated drainage pipe 
headed and backfilled with a gravel envelope. A layer 
of geotextile material would be placed on top of the 

• f???r»£?«nPr°71?e lb™*"™1 support while allowing 
»? leachate. Design considerations would 

include a base liner slope of two percent and pipe 
grades of 0.005 feet at a spacing of 100 feet £he 
leachate would be collected in a sump and trucked to 
the nearby industrial treatment plant for disposal. 

The treated sediments would be deposited, graded, and 
compacted. After the completion of waste deposition, 

three-layer capping system would be installed. The 
capping system would consist of a bottom clay layer. 
VSnaVli-6-17me drainage and geotextile layer, and a 
vegetation cover layer. The two-foot clay layer would 
be placed directly over the treated waste Jnd would 
have a permeability of 10"7 cm/sec or less. A 
one-foot sand layer would be installed as a drainage 

m, a Permeability greater than 1 x 10-3 
?? 1* seeded topsoil would be placed on 

inXinf/o* ® lay?r to prevent erosion. As 
ini Alt®rnatlve 2A, the total fixated 

sediment volume to be disposed of would be 
approximately 117,000 cubic yards. 

30-year post closure groundwater 
ring progrBm would be required to detect any 

leaching of contaminants from the fixated sediments^ 
TSl.i.9r*OUn -ri. monitoring system would include at 
least four monitoring wells, one upgradient and three 
downgradient of the landfill. rnree 

thP and construction components for 

Appendix A. landflU are summarized in Table A-3 ol < 

2 

o 
o 
N> 
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FIGURE 4-4 
SCHEMATIC OF ON-SITE NON-HAZARDOUS LANDFILL 
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FIGURE 4-5 

ON-SITE NON-HAZARDOUS LANDFILL LONGITUDIONAL CROSS SECTION 

NOT TO SCALE 

OTfrO 200 NIA 



4.2.3.2 Assessment 

: The short-term effectiveness of 
hydraulic dredging or excavation, and on-site chmical 

«£ .2^2?SnThisfalternative 

local transportation and disposal, therefore adverse 
s^??tS K the ?nviro™ent resulting from traffic , „ a 
small. The nonhazardous landfill would be located at th» 
ViChem plant site. The construction of the facilitv 
have minimal impacts on public health and the enviroLent 

The «hmei. °fcf comPleti°n is estimated to be three years 

2̂  Wl£sS' '&S52?S ĉ trS? 
rlSg;I?rm an̂ ffttreatment' of" those Altein!ti™ ^A, the 

K̂ 'l • pu°bflicthh°esaeith 'aX̂ iTSSSS 

IT 

hitedlCtnWOtUh rfmain in the laka- which could be redistri-

reguired "?«, ̂ "as"!"' 

in "ha8!'it' u A"ernative 2B differs from Alternative 2A 

usassns,? - ««-£ 
. discussed in Subsection 31157 . ̂_ _. 

andinw^ti%W°hld be exPected to meet delisting requirements 
and would be considered nonhazardous. Such material 

would^pose1^very low ̂ hreat^f ined uncapped landfill,' 
xu pose a very low threat of groundwater contamination. 

The landfill design would consist of a reiaHwoi„ 
impermeable base, synthetic iin«»r a relatively 
collection and drainage syst^a li LettheuJ r"noff 

The combination of chemical firafinn __j .. . 
provide double protection ag,ins? col?,m"nan? 

< 
H 
as 
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T!!!LFr2P0̂ ed landfin on the ViChem plant site would not be 
®n ®nV.ronmentally sensitive area. On-site 

landfilling of the fixated sediments would pose little risk 
£ 9̂ "n̂ ?ter °S,s"Jfac% water This would be due 

ow "obility of the fixated sediments and the 
Sent Dlln^nfnS h ® landfill system. A long-term manage-
S thS to monitor the effectiveness 
of the landfill, in addition, institutional controls would 
nSt 7™«.re£ t0 ®ns?r® that future uses of the area would 
not jeopardize the integrity of the landfill. 

or Volume* Alternative 2B 
lakS rnn5T?"U 4. dr®d®*n« or excavation depending on the 
JSjJi ® i ?. at tb? initiation of the remediation, and 
chemical fixation, which would result in the same signifi
cants'a? °l mobili? ?f ars®**® from the contaminated 
sediments as discussed in Alternative 2A. Chemical 

• Pr°CefSe® d° nPt detoxify directly, but do serve 
to contain contaminants in a matrix. The chemical fixation 
process would result in an increase in the volume and 
weight of material after treatment is complete. 

a?<-«, pr®v.ious|y stated, this alternative differs from 
Alternative 2A described in Subsection 4.2.2 only in that 
the fixated sediments would be disposed of on-site in a 
a°nonha* ?£i}}' The disP°sal of fixated sediment in 
a nonhazardous landfill would further reduce the mobilit? 
of contaminants through containment. The combination of 
fixation/solidification and a lining system in a landfill 
would provide double protection against the leachina of 
contaminants into groundwater. On-site landfilling would 
differ from off-site landfilling in that it Zd 
SE Vh 7 .r„eraove *he Potential source of contamination 

T* i Th® future use of the landfi lied areas 
cells 1 united to minimize disturbances to the waste cells. 

Implement 

Technical—Feasibility: As discussed in Alternative 2A 
sediment fixation is a well established process' 

inorganic contaminants. It is very 
%S Proven through bench-scale testing. The 

fixated product would be an impermeable nonhazardous mass 
with structural stability that Sould withrtwd iESSIyIII 
?£® ^®~*£avJ, weafcher conditions. Under this alternative 
the landfill would effectively contain the wastes, as long 
as it is properly constructed and regularly maintained. 

?h?«Pr«iinLary 1.i.n,itin9 factor regarding the implementation of 
sediment Treat ahT^t^ be Vle «•»•"»• of the treatel 
fTreatability results and discussions with the 
fixation vendor have indicated that treating sediment to 
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0b32lnnuf/i • \faJfhaw® a5aenic concentrations below 
0.32 mg/l, established by the VHS model, would be 

arh?Sifa ^ feJs*ble- The fixated material is expected to achieve a leachate concentration of 0.32 mg/1 arsenic thus 

meeting the substantive delisting requirement. rseniC' thus 

The availability of land at the ViChem site would not be 
expected to pose a significant problem. The construction 
of a nonhazardous landfill would not be complex, but would 
require a substantial on-site construction effort with 
conventional heavy equipment. it would not pose a 
constructibility or technology problem. 

The time to complete remediation would be approximatelv 24 
months Contractors and equipment would be^ readily 
would t.eir' t-lme required to construct the landfill 

t2 take approximately six months. The major drawback would be the uncertain lifespan of the synthetic liners 

which would be very difficult to replace syncnetlc llners 

Administrative—Feasibility: Since the landfill would be 
iecls^rvn"SltReatherdeliStin9^etiti0n t0 NJDEP be 
necessary. Rather, according to USEPA Headauarters 
coui2nileVh Regi<?nal Administrator in USEPA*s Region II 

? nonhazardous disposal, providing that the 
delisting requirements were met. The delisting authoriza
tion would have to be arrived at in conjunction^with^the 
K? Pi aDlv.1/.10rl.of Waste Management, which would regulate 
the classification of the treated materials as ID 27 waste. 

fixated sediments would require 
ppreciable administrative efforts to coordinate with state 

and local agencies to negotiate and secure^ an agreement Jn 
land acquisition. The ViChem plant site is in a partly 

H area' • therefore considerable administrative 
effort may be required to obtain local public approval for 
siting a landfill there. Implementability of an on-site 
nonhazardous landfill would entail efforts to ensure orooer 
ment9ILr»ai?2 construction. Long-term administrative manage
ment would be necessary to monitor the landfill and the 

reviews1"9 To™"ensul^' V* "T" 88 t0" Perform five-year 
lnna m • *. ® adeguate containment of wastes, 
long-term maintenance would also be required. 

*J ^"be costs for this alternative have been estimated 
"s full condition aJlTconsidering 

the lake at drawdown. The capital cost for this alterna-

Table"B 3 'i®1^6 IVJ8 KfUli condition, as oStUned ^ 
Table B-3, xs estimated to be $13,742,000. Short-term and 
ong-term operation and maintenance costs for this < 

s cost, calculated at a discount rate of 5% after inflation, 
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is $51,414,000. This represents all of the activities to 
dredge, thicken, fixate, haul and landfill the sediments 
and to treat the contaminated supernatant; to perform all 
operation and maintenance functions on the treatment system 
components and the on-site nonhazardous landfill; to 
perform annual monitoring to assess sediment redistribution; 
and to perform the six required five-year reviews. 

A cost sensitivity analysis was performed for this 
?InS e 5y varyin9 the water depth to which remediation 

would be conducted, thus varying the volume of contaminated 
sediment to be removed. Sensitivity to water depth was 
analyzed at a five-foot water depth and a ten-foot water 
depth. Present worth costs considering the lake at its 
full condition were $85,772,000 and $139,239,000 for the 
five-foot water depth and ten-foot water depth, 
respectively. These costs represent a difference of +67% 
to 171% over the estimated present worth cost of the 
alternative. The costs are summarized in Table 4-3 and 
graphically represented in Figure 4-2. 

The capital cost for this alternative with the lake at 
drawdown, as outlined in Table C-2, is estimated to be 
$11,467,000. Short-term and long-term operation and 
maintenance costs for this alternative, outlined in Table 
' ®r® approximately $20,487,000 and $90,000, 

respectively. The present worth costs, calculated at a 
discount rate of 5% after inflation, is $49,006,000. This 

the activities to excavate, fixate, haul 
and landfill the contaminated sediments; to perform all 
operation and maintenance functions on the treatment system 
components and the on-site nonhazardous landfill; to 
perform annual monitoring to assess sediment redistribution; 
and to perform the six required five-year reviews. 

A cost sensitivity analysis was performed for this 
alternative by varying the water depth to which remediation 

+ conducted, thus varying the volume of contaminated 
* removed. Sensitivity to water depth was 

analyzed at a five-foot water depth and a ten-foot water 
5*?8 worth costs considering the lake at draw

down condition were $81,797,000 and $132,945,000 for the 
five-foot water depth and ten-foot water depth, 
respectively. These costs represent a difference of +67% 
to 171% over the estimated present worth cost of the 
alternative. The costs are summarized in Table 4-4 and 
graphically depicted in Figure 4-3. 

opJion for this alternative assumes that the 
treated sediments are classified by the NJDEP as ID 27 5 
wastes. In the event that they are not classified as such * 
and can be put to beneficial and marketable use, local 
vendors could haul the materials off-site and distribute § 
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'heJ! their customers. This situation could be viewed as 
a,. costt savings to this alternative, since it would 
cistin«f61-Kirtu?ily a1-1 disP°sal costs. The present worth 
operation and m» 1V6' assumin9 no disposal costs or 
operation and maintenance costs associated with th« 
disposal, is $44,293,000 and $41,886,000 for the lake at 
its full condition and the lake at drawdown, respectively. 

that the treated sediments cannot be 

woSld Je reauiSred ' TK""SUS RCRA hazardous landfilling 
would be required. The present worth costs for this 
alternative considering RCRA disposal of the treated 

Vhen the lak« is at its full condition and when 

Respectively. " 3X6 $52'013'000 a*d $49,382,000, 

Compliance with ARARs: The same ARARS that apply to the 
hydraulic dredging and excavation, chemical fixation and 

^reatment/discharge activities discussed for 

fR°cy ̂ d •issrsx^sr 

Tsndfi!^terna^iVf also includes on-site nonhazardous 
sedimiiJc119 • trefted sediments. Chemical fixation of 
sediments posing human health risks would immobilize 
arsenic to levels compatible with delisting criteria 
Requirements of RCRA LDRs would be waived after Jh* 
sediments are treated and delisted L^manaof tht 
RseiDe27Sw?st|ntS W°Uld r6SUlt if th® NJDEP classified them 

The New Jersey Solid Waste Regulations (NJAC 7-2fi> 
Subchapter 2A - Additional Specific Disposal Reaulation for 
Sanitary Landfill (May 5, 1986) would^reguiate the desion 
of the on-site nonhazardous landfill facility. The on-site 
nonhazardous landfill facility would consist of a liiar 
system, a leachate collection and treatment system a 
caooinn J1"96 ,system and erosion control, and a surface 
Sub?h2?te?ys 7-216nj»aC4e°raanre Mi?h the re9Uirements of 
ouocnapter 7:26-2A-4, General Prohibitions and 

were"established"fn^e9.hat°aY »t. and standarSs 
IIJSMII. °Jl the desi9n and construction of 
controlled ??V?"e imPacts are minimized and 
prevented Pollution of the environment is 

At the start of the remedial design a Stage IA Survev 
roIIn1S^lS9 °f a. .comPreh®nsive literature search, would be " 
conducted according to the National Historic Reservation 2 
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comply°with'a 1 ̂ARARs Yde^tY/ied*3 V8 2-B W°Ula ̂  «PeCted "> 

g''ft A"i°V°" overa '̂l^̂ protection "ft ZSLĴ ZTSk 

lor ?hisIOn^? dl„scussed l" Alternative 2A is applicable 

treated %ediirentl! would ̂ Uoŝ of -̂sll! 

nonhazardous landfill. Chemical fixation ofll! 
thu|an»fn tea .sedl"ents. would immobilize arsenic compounds 

£"SSSfedlntoA1ttheernatt,iV9eet2Al'.v:|eoPfUb2UI IV-̂in̂bV"ST 
accessible areas, and 1 x 10-5 in th« * TSf® 
areas. Contaminated sediments would remain on-site^and 
future redeposition of these sediments in areas where human î rli0enxcĈdldtbbeetaPr0|eStible """ thêTĉ 

g-tnESftt The iproposed°1si<t. U 

not in a sensitive ecosystem area. The fixated • ___4_ 

landfill8 "facn "ch that HtPosal "anoHue 
landfill facility would pose very little risk 
groundwater and surface water quality. Even if such 
llltlllll aisp°sn °f in unlYned ,n£ iLappeS 

ir. ssss ss-£~ 
Stats Acceptance: State comments were not directed at t-ho 
S5S:1^i"ii°n tr®atment Pr°cess. General comments were 
2ith c®ns.lderin9 the remediation to be conducted 
drawdown /his' h« h"11 con*ition and with the Take ̂  
a.??. * Thls has been addressed in the text- t« 

fnSlSSmiriddî nal's'̂ uir8 bave been ™difind to 

Community Acceptance 
received to date. No public comments have been 

4.2.4 

4.2.4.1 Description 

s-s-issas s ̂ sffssisg* ssss ass 
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water extraction treatment and disposal, extractant water treat
ment and discharge, and hazardous sludge disposal. A two-stage 
water extraction process and associated wastewater treatment sys
tem would be utilized to remove the arsenic from the sediments. 
A schematic flow diagram is shown in Figure 4-6 presenting the 
extraction system for both dredged sediments and excavated 

• u- uHw a sourc© control (removal/treatment) 
alternative in which the contaminated sediments would be removed 
H?SWI arsenic would be extracted from the sediments. The 
highly contaminated arsenic sludge generated by the extraction 
process would be treated and disposed of by a vendor at an 
? 7!1*? RCR* hazardous waste facility. The processed sediments 
would be disposed of in an off-site nonhazardous landfill 
facility as discussed in Alternative 2A. 

° Sediment Water Extraction and wastewater Treatmgn«-

The in-place sediment is approximately 54% solids. The 
dredging operation would draw lake water into the sediment 
so that a slurry of approximately 20% solids would be 
pumped into a mixing vessel (actually 2 mixers in parallel 
with a 2-hour retention time for each mixer). if the 
remediation were conducted when the lake is at drawdown, 
the sediments would be excavated. The excavated sediments 
would be combined with water from the lake to produce a 20% 

®Vlurry in the mixing vessel (actually 2 mixers in 
parallel, with a two-hour retention time for each mixer). 
A separate feed line of lake water, operating on density 

would water to the mixer so that the maximum 
solids concentration would not exceed 20%. 

The slurry would be pwnped to a bank of 14 six-inch diameter 
hydroclones mounted in parallel. Seven hydroclones would 
J? 3nd S,w<?uld be standby units. An underflow 
of 45% solids would discharge into a second mixer (actually 
two mixers in parallel); the overflow would go to an extrac
tant water treatment system. Lake water would be pumped 
into the second set of mixers, under density control, to 

a slurry.ofk 2?% solids. The slurry would then be 
pumped to a second bank of 14 hydroclones (seven operating 

solidsVw?,,iSHaK?by>' ?he refidual arsenic in the underflow 
solids would be a maximum of 10% of the original amount of 
a . p r ® s ® n t  i n  b h e  s e d i m e n t .  T h e  u n d e r f l o w  w o u l d  t h e n  
go to final dewatenng. The dewatered sediment would then 
be disposed of as nonhazardous material. 

°verfl°w from the second bank of hydroclones would go 

flow?r«.?I?h/*t-ra^tKnt uwa^er treatment system as the over
flow from the first bank of hydroclones. 
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The overflow streams from the hydroclones would be 
discharged to a reactor tank. Any soluble arsenic would be 
in the form of AS2O3, which is soluble in water. The 
AS2O3 would be oxidized with potassium permanganate to 
AS2°$' whlch 18 insoluble in water and would 
precipitate out of solution. The reaction is: 

5 AS203 + 4 Mn<>4 + 12H+ - 5 As205 + 4 Mn++ + 6 H20 

The reaction requires a low pH of 2.0, therefore 
hydrochloric acid would be added ahead of the permanganate 

The liquid solids mixture would flow to a clarifier, where 
the liquid pH would be raised to 6.5 with the addition of 
sodium hydroxide (NaOH) or lime (Ca(OH)2>. Ferric 
chloride (FeCl3) would be added to coagulate the 
arsenate, manganate and manganese dioxide precipitate into 
larger and denser particles to facilitate settling. A 
liquid polymer would also be added to aid in the flobula
tion of the large particles. 

?fulue^ from th® clarifier would be discharged back to 
n ar8enic concentrations are reduced below the 
0.05 mg/1 MCL. A portion of the water would be used as a 
wash water later in the extraction process. 

0 Off-Site Hazardous Sltirtgg njsposal 

frj>® the clarifier would contain settled 
VK m®tallJ_lc and organic arsenic, and other residues 

from the treatment process in a concentrated form. This 
disnoLiW0UF .^®.haul®a off-site by a licensed vendor to a 
disposal facility where treatment could incorporate any 
number of viable technologies (for the purpose of this 

18 assum®a that fixation would be used). RCRA 
a!! n1hla1"9^Uld Plac® onc® lana disposal standards 

°-m treatment process (assumed to be a 
treatability variance of 1 mg/1 arsenic in the EP Toxicity 
extract from the treated sludge). 

The major construction components and facilities for this 
alternative are outlined in Table A-4 of Appendix A. 

4.2.4.2 Assessment 

0 Short-Term EfEecHyfinfTiri: The short-term effectiveness 
concerns wrtb this extraction alternative include pub?" 
?^th 'hkreats' the safety of workers during the 
environment10" actlvities' ana adverse impacts on the 

< 
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Z 
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© 
to 
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If remediation is conducted with the lake at its full 
condition, dredging would be the method of sediment 
removal. The hydraulic dredging operations would pose 

e"vironmental effects as those discussed in 
iSHi However, as the dredging would be limited 

to local shallow water areas, suspensions would settle in a 
short amount of time. The utilization of silt curtains 
would further minimize any disturbances to the area. The 
w o u ? 5 S L C t S  ° n  ̂  lak e  e c o s y s t e m  a n d  t h e  e n v i r o n m e n t  
would be temporary and localized. 

The risk to the community and to the workers generated 
during the excavation activities, if the remediation is 
conducted when the lake is at drawdown, are similar to 
Adeouat^rtnct863 in A^ternative 2A (Subsection 4.2.2.2). 
Adequate dust suppression measures and protection equipment 
for personnel would be provided to minimize the risks of 
sediment?11 ^ direct contact with the contaminated 

f!l? KhISlte4- riSi.k- t0 W05ker safety would be slightly higher 
5' A^.8. extraction and extractant treatment than for the 
chemical fixation, discussed in Alternative 2A, due to the 
greater number of treatment processes required for this 
l iouid rhem- Thf extra<:tant treatment system would utilize 

chemicals, which may be spilled. However, 
substantial measures to prevent spillage, and proper 
personnel protective equipment would be provided to workers 
*?=£^\^ireCVCOnVCt Kith Mastes ana chemicaIs. As 
stated in Alternative 2A, the short-term risks to workers 
would be minimal for this alternative. 

o,^S ®ltefna4ve would require adequate land space to lay 
out the treatment process. Potential worker safety and 

^refta would be associated with pipe leaks, 
thiiif* ™a?S t? •r?1?ases of the e*tractant. These 
measures and be . mi.nimiL.zed utilizing preventative 
procedures. standardized industrial construction 

I?«KiSh0rt-tjrm imPacts on the environment, such as traffic 
problems and associated noise and air pollution, for this 
AiJ2J«!?Ve "ould be similar to those presented in 
Souid il® • i appropriate local traffic control plan 
would be implemented to minimize these short-term 
environmental impacts. snore term 

estimated t0 coraPlete this remedial action is 
estimated to be three years. Any short-term effects could 
and nr^n™1 7 utlllzin9 adequate preventative measures 
and proper personnel protection equipment. 
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I*Qng~TSKffl Effectiveness Ext r set ion methods are designed 
to remove arsenic compounds from the contaminated sediments, 
thus attaining reductions in the toxicity and mobility of 
the waste. The removal of the contaminated sediments would 
minimise public health threats. The treated sediments would 
contain total arsenic below the action level of 20 mg/kg. 
K segments would not be expected to leach arsenic 
above 0.32 mg/1 (VHS model delisting criteria) which would 
serve as the basis for delisting the sediments. The extrac-
tant separated from the sediment would be treated to remove 
arsenic to below the target level of 0.05 mg/1 prior to 
discharge. The extractant sludge, after treatment, is not 
expected to pass the 0.32 mg/1 criteria for delisting, but 
is expected to pass the 1 mg/1 treatability variance 

LOWI?H disposal in a hazardous waste 
landfill. This alternative provides a permanent remedy for 
the contaminated sediments identified as a public health 
r x SK • 

As with Alternative 2A, the major benefits associated with 
sedim/nV:«frna -1Ve W<LUld bev .th® remediation of contaminated 
sediments, using water washing as opposed to fixation. The 
cancer risks from arsenic via the exposure pathways of 
Jidnood ffc a,?d the ingestion of sediment would be 
reduced to the target level of 2 x 10"6 in the more 
areas81 Hn areas, and 1 x 10~5 in the less accessible 
areas. However, only approximately 5% of the arsenic 
contaminated sediment would be removed from the lake. Long-
hnJoo6*. C^.K could b® significant if the arsenic redistri-
moihf • v remedi.ated areas due to natural transport 
mechanisms or human disturbance. If this occurs, additional 
remedial activities would be required. Therefore, a 
long-term monitoring program, specified for Alternative 2A 
would also be required for this alternative tothe 
effectiveness of this alternative. 

.̂ e.chri.0.logy for this alternative would be expected to 
^ reduce the level of arsenic contamination in 

the sediments to meet the delisting criteria. The treated 
sediments wmld be deposited in a nonhazardous landfill 

iS" would be discharged to 
Union Lake with minimal adverse impact to the environment. 

tivSgMft»liHQf JOfiicitY' Mobility, or volume: This alterna-
hi ro!? • reduce the toxicity of contaminants in the lake 
Dubli^h«»?«-h • breabin« ,the sediments identified as a 
public health risk. Removing contaminated sediments from 
ReducVna m.in*miiE® tb® ability of the contaminants 
Reducing the toxicity would be achieved by extracting the 

th® sediments by utilizing a two stage washinc 
ft-nSTfe /* ,r.aber- Results from bench-scale treatability 

(see ViChem Rl Section 6.0) indicated that a single 
J??® "traction with water could drastically reduce the 
sediment arsenic concentration. 
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A two-stage wash was used in this FS to provide for even 
further extraction potential, it is assumed that the washed 
sediments would pass the VHS model EP Toxicity leaching 
criterion of 0.32 mg/l. Subsequent chemical oxidation and 
physicochemical precipitation would reduce the toxicity of 
the arsenic and would remove it from the liquid 
extractant. The combination of both sediment and waste
water treatment would greatly reduce the toxicity and volume 
of the contaminant. Disposing of the treated sediments in 
an off-site landfill and disposing of the sludge containing 
the arsenic in a RCRA treatment and disposal facility would 
further reduce the mobility of the former on-site contamin-
on site would reduce the volume of contaminants remaining 

Implementabi1i fry 

® Feasibility* As stated in Alternative 2A 
(Subsection 4.2.2.2) hydraulic dredging or excavation! 
extractant water treatment and disposal of treated 
sediments in an off-site landfill facility are all 
avanahT! PeJ • teclLnol°9ies that are commercially 
available. Equipment necessary for implementing these 
technologies would also be readily available. These 
technologies are highly feasible, reliable, and are 
expected to be available for the site. 

The water extraction process would be a reliable technology 
that would meet the designated process efficiencies and 

wou*d be unlikely that any unusual 
technical difficulties would arise. Labor and materials 

readiiy available for all components of this 
alternative. The relatively complex components of this 
JJoawi!f«iVe 1° w be sediment extraction and extractant 
treatment, which are proven technologies. The other 
components would be comparatively simple. There would be 
no major treatment difficulties that are expected during 
- ?. 1™Pleraentation of this alternative, based on the 
following considerations: on cne 

° ,Cat dred9es have been successfully used in various 
shallow water hydraulic dredging operations. Resuspen-
sion of sediments in the lake environment can be 
minimized by increasing the water content of the 

available11 *S # standard °Peration that is reliable and 

™ab®Fa ®.x1t.racti°n_fs a conventional industrial process. 
Treatability studies demonstrated that a single stage 
«nnrL-Wa! 1 ?*tract arsenic from sediments to 
approximately 34 mg/kg. A two-stage wash would provide 

further arsenic removal. F 
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o EP Toxicity results for arsenic in untreated sediment 
samples yielded results below 0.32 mg/1, the substan
tive requirement for delisting the treated wastes. 

° J 4-- oxidat.i°n and coagulation/flocculation/ 
precipitation with FeCl3 are both traditional 
wastewater treatment technologies for removing arsenic 
and organics. 

More than one vendor or manufacturer would be capable of 
providing a competitive bid for each component of this 
alternative. Several vendors would be able to supply 
S?n2n« se^fices for disposal of the hazardous treatment 
sludges. It is estimated that approximately 36 months 
would be required to implement this alternativi. The time 
to achieve beneficial results would follow the implementa
tion of a successful groundwater management of migration 
program at the ViChem facility, and dredging and excavation 
of contaminated river sediments. 

Administrative—Feasibllltyt The treated extractant waste 
streams would be returned to Union Lake. A discharge permit 

r?quired since this w<>uld represent an on-site 
Superfund discharge. However, a demonstration that these 
discharges would be in compliance with ARARs would be 
required for State and local approvals. Since the super-

* ®> treated t0 meet New Jersey Surface Water 
Quality Standards and NJPDES requirements. State and local 
approvals should not pose a problem. The treated extractant 
SfliS. ef? •'?u,1.d contain total arsenic below the State's 
discharge limit (i.e., 0.05 mg/1). 

JvQt-em361 a t0 operJ^e and maintain this complex treatment 
system, an operation and maintenance program would be 
required. Institutional administration would be required 
to secure a nearby nonhazardous landfill site for the 

°* extracted sediments. since the treated 
sediment is expected to be delisted by NJDEP as 
landfill Xt CT8I? disP°sed at a nonhazardous 
I t , a n  *  2 7  w a s t e  c l a s s i f i c a t i o n  i s  g i v e n  b y  
the NJDEP. Delisting would require a petition and may 
require considerable time and effort to accomplish^ 
sludaes119 at thfoT>^rettment and disP°sal of hazardous 

^ \ R?A treatment/disposal facility would 
liX^fd adl!?"?lstr?tlve effort. The growing number of 
licensed multiservice waste handling vendors should aid in 
the manageability of this remediation aspect. Annual site 
ad£tJl?«in9t • and*.i. fiYe~year reviews demand long-term 
administrative attention. in addition, coordination with <* 
additional t-C JJ^hor.ities would be required to control the S 

•. lnvolved with transporting the treated 
sediments to the nonhazardous landfill. An appropriate o 
local traffic control plan and air pollution control ° 
measures such as dust suppression would be implemented. W 
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Coat; The costs for this alternative have been estimated 
SS'iSK1!!! „the iake a'its ful1 condition and considering 
wi?h the lake"at°T?; fun Capiu?3-COSt fot this alternative 
R J tne lake at its full condition, as outlined in Table 
?I a. estimated, to be $25,740,000. Short-term and 
long-term operation and maintenance costs for this alterna 
aid6' VlsTable B:12' approximately 832^000 
calruipfirtH respectively. The present worth cost, 
$29 22? iSn a discount rate of 5% after inflation, is 
$29,227,000. This represents all of the activities to 
and to ?reraatCt thtth valerhaul and landfill the sediments 

v. *C aminated extractant; to haul and 
iJS hazardous sludges; to perform all operation 
and maintenance functions on the treatment svstem 

?eSiS?r?botio»- TJT 8nnUfal roonitotin« *0 assess seli^n? 
revilS" Perform the six required five-year 

= n..fOSt4.- se,?sitivity analysis was performed for this 
6 5y varyin9 the water depth to which remediation 

would be conducted, thus varying the volume of contaminated 
an!}«£ ,\° ,bVerTe1- Sensitivity "as 
de^ih D five-foot water depth and a ten-foot water 

S?f?ent worth costs considering the lake at its 
full condition were $45,402,000 and $70,633,000 for the 
five-foot water depth and ten-foot water vf-nX 
SSPSVrl3r- T?!?Se C0StS rePresent a difference of +55% 
aitprnlf °ve«u estimated present worth cost of the 
alternative. The costs are summarized in Table 4-3 and are 
graphically represented in Figure 4-2. 

The capital cost for this alternative with the lake at 
" """T? in Table C-3, is estimated to be 

$23,973,000. Short—term and long—term ooerafinn _ _ j 
?ab?,eca?ne C°StS for this alternative, outlined it 
Table C-10, are approximately $1,808,000 and $13 nnn 
respectively The present worth cost, calculated 
discount rate of 5% after inflation is $27,417,000 This 
represents all of the activities to excavate extract w?ih 
^ +r'• and landfiH the sediments and'to treat the 
contaminated extractant; to haul and landfill the hazardous 
^ tie a11 °Pera^on and maintenance SioL 

< treatment system components; to perform annual 
.t0 aSSSSS„ a?«»»nt redistribution; and ?o 

perform the six required five-year reviews. 

se"sitivity analysis was performed for this 

woul^be^onducted^th thS wa*er dePth t0 which remediation 
conducted, thus varying the volume of contaminated 

analvzed a+ ab%.remo/ed- Sensitivity to water depth wis 
analyzed at a five-foot water depth and a ten-foot water 
depth. Present worth costs considering the lake at draw 
down condition were $42,085,000 and $64,965,000 for the 

4-51 



five-foot water depth and ten-foot water depth, 
respectively. These costs represent a difference of +53% 
° over the estimated present worth cost of the 
alternatiye. The costs are summarized in Table 4-4 and are 
graphically depicted in Figure 4-3. 

The disposal option for this alternative assumes that the 
treated sediments are classified by the NJDEP as ID 27 
^teS* l n  th® event that they are not classified as such 
and can be put to beneficial and marketable use, local 
vendors could haul the materials off-site and distribute 
them to their customers. This situation could be viewed as 
!,.c?st, savings to this alternative, since it would 
costs11 of6 +// f+ V1 dlsP°sal costs. The present worth 

nnn alternative, assuming no disposal costs, are 
$15,787,000 and $13,977,000 for the lake at its full 
condition and the lake at drawdown, respectively. 

In the event that the treated sediments cannot be 
considered delistable, off-site RCRA landfilling would be 
required. The present worth costs for this alternative 
considering RCRA dlsposal of the treated sediments when the 
lake is at its full condition and when the lake is drawn 
down are $46,538,000 and $44,269,000, respectively. 

Compliance with ARftRf?: The discussion on the compliance 
with ARARs in Alternative 2A in Subsection 4.2.2.2 is 
applicable for this alternative as well. The only items in 
off6^?+o1Ve tha^ differ from Alternative 2A are the 
off-site RCRA treatment and disposal of the 
arsenic-contaminated sludge generated from the extraction 
oenera+J? fthe additional effluent discharge to Union Lake 
generated from the extractant treatment system. The 

.°f Alternative 3A with respect to compliant 
with ARARs is summarized as follows: 

o Appropriate preventive measures would be provided to 
'©suspension, erosion and dissolved oxygen 
during hydra«lic dredging, and to minimize 

erosion during excavation in order to comply with the 
Section™!^8 °f ^ Fe<3etal RiVe" and "arbors Act 

° dr«dgil?g w°uld av°ia the wetland areas where 
for 5io' 2? 4.we/1/nd restoration would be implemented 
£ . . he disturbed areas in order to comply with 

Alternative °2A. SniJ 404 the ^ identi£iea in 

o Excavation would also avoid the wetland areas where 

f£rS1th/' aTJl W®tiands restoration would be implemented < 
disturbed areas. As excavation allows more £ 

control of operations than hydraulic dredging, 
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excavation would be the favored means of sediment 
i^lteriMtiVe t0 Section 404 of the CWA identified 

The extraction processes would be performed in order to 
convert the contaminated sediments into nonhazardous 
wastes in accordance with RCRA 40 CFR 261 2 
requirements. 

The installation and operation of the two-stage 
extraction system and the extractant and supernatant 
treatment system, would comply with RCRA 40 CFR 264 

Facilities! a"a 0peratora o£ Hazardous Waste 

The extractant waste water would be treated in 
compliance with the effluent requirements of Federal 
Clean Water Act Quality Criteria, New Jersey Surface 
Water Quality Standards and NJPDES Discharge to Surface 
Water Requirements. 

The Clean Air Act and National Air Quality Standards 
?«-• conned with for particulate air emissions 

resulting from the handling and transporting of the 
extracted materials to an off-site disposal facility. 

Disposal of delisted treated sediments at a 
nonhazardous landfin facility and treatment/disposal 
of the arsenic contaminated sludge at a RCRA facility 
would comply with RCRA LDRs. 

(40 Tra"sp°rtation ,o£ Hazardous Materials 
(40 CFR 100-177) would be complied with for transport 

ana diesposaT1ftcunitay"'.inated SlUd9S 4° a RCRA tre"ment 

**1 J®rsey Transportation Requirements for 
Hazardous and Nonhazardous Waste (40 CFR 263 and NJAC It! ! 2\i WO,i1.d be conPli®d with for the transport 
of the treated sediments to a nonhazardous landfill. 

SU*Je?ey Solf5 Waste Regulations (NJAC 7:26) would be 
veri/y fchat existing sanitary landfill 

facilities could safely dispose of the treated sediment. 

iin?ffi..Btart-of the ren»edial design a Stage IA Survey, 
consisting of a comprehensive literature search, would 

pLse"natUionActaCCOrain9 t0 thS Na"0nal Historio 

above analyses and assumptions, < 
aid TBCs 6 18 ®Xpected to meet a11 applicable ARARs g 
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Overall Protection—o£—Hitman Health ana «-he Environment-• 
This alternative would have the same overall prTection of 
Aitlrna^63 and the environment as discussed in 

2A" /e,°oval . o£ the contaminated sediment 
would achieve a reduction in the risks to public health due 
to sediment ingestion in the shallow areas of the lake 

? sediment arsenic concentration exceeds the target 
eanup levels. Extraction would remove arsenic compounds 

4.^ contarninated sediments and would result in a 
^tion of the toxicity of the sediments and the volume 
of contaminants in the sediments. Off-site disposal of the 

w"?d f„rteheT«luoaenathnhe flud9e, containing the arsenA 
on-site re<3uce the volume of contaminants remaining 

As with Alternative 2A, this removal and treatment 
alternative would reduce the existing cancer risk level in 
^0-6mOrThaCCessible "eas of the lake to the target of 2 x 
fho I® cancer risk would be reduced to 1 x 10-5 in 
thi«? fiV acceasible areas of the lake. After implementing 
this alternative, and after implementing a successful 

* migration alternative for the groundwater at 

areaJ would be" educed"16 PUb"C """" riskS from the lake 

a™n^rm- monitoriug would be required to assess the 

pattern ofAhe sediments^*"6 ^ the rBai«""utio„ 

As discussed in Alternative 2A, the reduction of potential 
adverse environmental impacts as a result of this 

aiailSbleVdataCann0t ** quantified due to the limited 

fafiio • The previous comment concerning sediment 
sampling prior to the initiation of the remedial activity 
inclusion1" nf th!"""" °f the sediments to be removed and 
conducted »i th that the remediation may be 
applicable to this Alternative8t dra"d0™ »• 

recei?edYto *cact®ptflncft: N° pubIic comments have been 

Alternative 3B - Removal/Kxtracf inp/Seflimants t-n nn-gv4.es 
Honhasarfions T.andfilV/Sff-si;;1 

4.2.5.1 Description 

d Adg ing °' o/"eAcAva t i°„n AA al'ernative l«d«a» hydraulic 3 
.r excavation of contaminated sediments* wafer 

of the dewatered sediments; on-site extrac?al£ 
treatment; on-site nonhazardous landfilling of the treated § 

K) 
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>U 
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sediments; and off-site hazardous disposal of treatment 
sludges. This is a source control (removal and treatment) 
fii! It f "L e?actly the same as Alternative 3A, except 
that the treated sediments would be disposed of on-site. The 
on-site nonhazardous landfill for this alternative is similar to 
Alternative 2B except the landfill area would be slightly 

is estimated that the treated sediments from this 
native would occupy a volume of approximately 71,000 cubic 

yards^ and would require approximately five acres of land. A 
long-term monitoring program would be required. 

4.2.5.2 Assessment 

® Short-Term—Effectiveness: Short—term effectiveness for 
the same as for Alternative 3A 

V- 1 ># ex5®Pt that in t^s alternative the 
extracted sediments would be disposed of in an on-site 
22S:;?i??US K landfill„ facility. On-site workers woill 
potentially be exposed to contaminants by dermal contact 
and by dust inhalation during hydraulic dredging or 
excavation, extraction and sediment transfer to the 

facility. To minimize or prevent such exposure, 
dust control measures and personnel protection equipment 
would be used. The treated sediment would be transported 
T£a over a short distance to the on-site landfill at 
the ViChem plant site. The adverse impacts on the 
environment during the remedial alternative would be 

aJd ®inimal. The time required to complete this 
three years3 achieve protection is approximately 

° fronq-Term—Effectiveness: Alternative 3B has the same 
There »r*» ^enef^c^.al. effectiveness as Alternative 3A. 
here are expected to be minimal adverse environmental 
laSdfin ra^SU4-htlu9-^r0in 1installin9 an on-site nonhazardous 
landfill at the ViChem plant site. 

nonhazar^°us landfill would require long-term 
and^ a^Sounadw^e«r,nana9tinei?t, including facility maintenance 
and groundwater monitoring. A secondary waste management 
f£o£r?LWr™- b® requir®d to handle the potential leachate 
from the remaining arsenic compounds in the treated wastes. 

As discussed in Alternative 3A, this alternative would 
remove and treat those sediments identified as a potential 
?i5k rink- ?iS acti0n WOuld reduce the can III 

10-6 i„V1A 6 sediment ingestion exposure pathway to 
lxio-5 th"1016! accessible areas of the lake, and 

,o„ij ringef 

sediment Va^YS."* ̂  patt-r^oTSI 
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Of TO?^itV. Mobility Or Vnlnmg. The removal and 

treatment of the contaminated sediments would reduce the 
existing arsenic loads from the lake areas that pose the 

he?lth risks and would also slightly reduce the 
J o"., arsenic contaminants from sediments 

to surface water and regions downstream of Union Lake. The 
two-stage water extraction process would extract arsenic 

contaminated sediments to below the target level 
of 20 rag/kg. Alternative 3B would result in a significant 
reduction in toxicity and volume of arsenic in ?£e 

arsenicnin th^e?lmeit5' mobility of the remaining 
Jhf 4. t5?aJed sediments would be reduced because 
3R wn?n*men- contained in a landfill. Alternative 
3B would yield the same results as Alternative 3A, except 
the nonhazardous landfill would be located on-site. 

Implementability 

Technical—Feasibility: The technical feasibility of 

s^ime^ drf9in? OI excavation of the contaminated 
sediments, two-stage extraction, supernatant water 
treatment andI extractant treatment presented in Alternative 
Ji K S, ldentlcal to that of Alternative 3B. These 
technologies are considered highly feasible and reliable 
and are expected to be available. The implementation of 
this remedial alternative would require approximately two 
years for construction, operation and maintenance. There 
are no major treatment difficulties expected to occur 
during the implementation of this alternative. 

The construction of a nonhazardous landfill facilitv is a 
simple task that utilizes normal construction equipment 
The only technical difficulty for the landfill facility 
?ii^enanHCe WOUld be the rePair of the bottom synthetic 

minimize Rainfall ma.intl,inea capping system would 
?•« !* i infiltration, which would prolong the 

useful lifetime of the synthetic membrane. 

T?non«fS°Sal .ff t3[®at:ment slud9es would be facilitated by a 
facilities! "9 available treatment and landfill 

Administrative—Feasibility; As with Alternative 2B an 
on-site landfill would require more administrative efforts 
than an off-site landfill. An on-site landfill would 
require the following institutional involvement" 

0 owner 1Qf^ the iHrhem8*8'® *1* iocal governments and the 
fgrtemert™ and SeCUre " 2 
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o Review supervision and management to ensure proper 
design and construction of an on-site landfill 
facility; and 

° ^ administrative management program for 
landfill maintenance, leachate collection and disposal, 
and groundwater monitoring. 

.adn,*nistrative efforts would be required of the 
USEPA Region II Regional Administrator to authorize 
nonhazardous disposal, of the extracted sediments providing 
that the delisting requirements are met. However, it would 
not be necessary to file a delisting petition to the NJDEP, 

e/Sfu administrative efforts somewhat. 
Classification of the treated sediments as ID 27 waste 
would have to be made by NJDEP. Five-year reviews of the 
landfill and annual reviews of the lake would be required. 
These institutional requirements are considered to be 
feasible. 

coat: The costs for this alternative have been estimated 
?-Sinin* the lake at its full condition and considering 
the lake at draw down. The capital cost for this 
alternative with the lake at its full condition, as 
Shoitn?frmin ^abile BI5' is estimated to be $16,017,000. 

4-K- £ lon5rterm operation and maintenance costs 
for this alternative, outlined in Table B-13, are 
approximately $1,832,000 and $60,000, respectively. The 

cost/ calculated at a discount rate of 5% 
Jhl .x. .Jf.tlon' xf $20,133,000. This represents all of 
the activities to dredge, extract with water, and landfill 
the sediments and to treat the contaminated extractant; to 
all 0nVreaat-V««and 4Jandf.i" the hazardous sludges; to perform 
all operation and maintenance functions on the treatment 
system components and the on-site nonhazardous landfill; to 
perform annual monitoring to assess sediment redistribution* 
and to perform the six required five-year reviews. ' 

sensitivity analysis was performed for this alterna
tive by varying the water depth to which remediation would 

^onduc4ted- thus varying the volume of contaminated 
sediment to be removed. Sensitivity to water depth was 
analyzed at a five-foot water depth and a ten-foot wate? 
depth. Present worth costs considering the lake at its 
full condition were $29,214,000 and $43,379,000 for the 
"•T "1 and ten-foot water aepth, reaped 
tively. These costs represent a difference of +45% to 
+115% over the estimated present worth cost of the base <? 
andearanhe,rnaiVVe' The costs are summarized in Table 4-3 £ 
and graphically represented in Figure 4-2. 
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The capital cost for this alternative with the lake at draw 

$?r249a0S00OUtliShendrt V Table„ C"4' is ê Latel lo be 
9x4,249,000. Short-term and long-term nnora+-ir>« 
maintenance costs for this alternative, outlined in Table 

PPr°Ximately •i'SOB^OOO and $60,000, respec-
Alt lf .wf6?;, w°rth cost, calculated it a discount 
all Of thi .i?flaVon is ^18/323,000. This represents 
landfill ^ho JoH 8 •. ° excavate, extract with water, and 

sedI ments and to treat the contaminated 
extractant, to haul and landfill the hazardous sludae* to 
treatment operation and maintenance functions on ' the 
landfill* ®ys^ein. con,Ponents and the on-site nonhazardous 
roSffiJ^K 4-- Perfo5m annual monitoring to assess sediment 
reviews 8 t0 perfonn the six required five-year 

A cost sensitivity analysis was performed for this alterna
te c^ndu^ted*1*9 th^® water.dePfch to which remediation would 
e conducted, thus varying the volume of contaminated 

be removed. Sensitivity to water depth was 
denth o 8 .flve~foot water depth and a ten-foot water 
depth. Present worth costs considering the lake at draw 
down condition were $25,897,000 to $37,7^1,000 for J he 
five-foot water depth and ten-foot water d4pth, z l s v l c -

lvely. These costs represent a difference of +41% to +106 
?hfr % estimated present worth cost of the alternative 
The costs are summarized in Table 4-4 and graphicallv 
presented in Figure 4-3. grapnicaiiy 

°Ption for this alternative assumes that the 
treated sediments are classified by the NJDEP as ID 27 
wastes, in the event that they are not classified as such 
and can be put to beneficial and marketable use local 
them°to +hU* b"?1 th® materiais off-site and dis'tribute 
them to their customers. This situation could be viewed as 
a cost sayings to this alternative, since i 1 

!o«raofe IHI zvi'V- ,iispos•l .c°sts- The w™" 

ooaratinn « alternative, assuming no disposal costs or operation and maintenance costs associated wi+h fka 

disposal, are $15,614,000 and $13,804,000 for the lake at 
its full condition and the lake at drawdown, rLpectively. 

JSnsi'dered̂ deii.s+lĥ  thA *reated sediments cannot be 
required T£ off-fite RCRA landfilling would be 
required. The present worth costs for this aif«man«a 

EEi,11.".9 f?mP°£aVl£ the tre"ed wteZ lll 
town are *20,654,000 anaYia'SVJoo.Te'spMtiv^y. iS d"Kn 
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those^ARARsWdiscussed^ 'in iuVrn'.ti™ 3A Tn'Vd?^ "l? 
^Jersey Solid Waste Regulations (HJAC 7:26) ch^te?'2A ! 
L?ndfii?? V*lC Disposal Regulations for Sanitary 
Landfills, would be used as the ba«i« f«r- 4-i«~ • * 
operation, closure, and monitoring plans of the on-site 
nonhazardous landfill. Based on this analysis, AlteSatiJl 

18 expected to comply with all ARARs identified. 

Alternative^B^ouid^ DTOVIH HeAUh an(1 fhe Environment: Alternative 3B would provide the same overall protection of 

*'n*P- en̂ °Siriaf~tda 

in the lak'e To*T\ To^Sd ̂  V V-^In'^e ̂  
accessible areas of the lake and in •. more 
areas of i-hl lake and in the less accessible 
olausihio ««,?• 1 ' respectively, assuming the most 
the ?mnf sedlI"®nt exposure pathway models. In addition 

m?lement*tio* of this alternative may improve tte 
pathwavsneofeCtKStam ^ reducinp the potential exposure 
SilSVi* T 5 arsenic contaminants to the fish and 
thi f°n5rterm monitoring would be required to survey 
the redistribution patterns in the lake. survey 

This alternative would dispose of the treaf-Ari • 
a nonhazardous landfill facility built at the ViChem lla£t 
disDosai sediments would be nonhazardous such that their 
disposai in an on-site landfill facility would pose ve^ 
if surh maf groundwater and surface water quality. Ev2i 

such materials were disposed of in an uniinon ann 

leachability ^of the '"LtraV/cT1 s°e£d.COn'aminatlon a"d 

effectiveness of the l,„a«U "scilitv .the 

would provide adequate protection to public health and the 
ErUmt" "°uld, sonrewhat the existing 
the lake' sediments^ *na "°lume of "5enic <=<>".min.nts in 

conclrnTnô h."".̂  ̂,he same, .comn,ents mentioned previously 

applicable here. at drawdown condition are 

SaKiTto drarte".t'l"lrr; N° puMic <=o™,ents have been 

< 
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3 
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4*2-6 Alternative 3C - Removal/Extraction/Lake naposifinn 
SedimentS/Off-Site Ha»rflOUS Sln^gf 
Disposal 

4.2.6.1 Description 

JiL„faj°r features . of this alternative include hydraulic 
dredging or excavation of contaminated sediments, two-staae 
treatm^tranrt °f i-thf dewatered sediments, supernatant water 

1 extractant treatment with discharge to Union Lake 
uniform deposition of treated sediments in previously 
disfosfieXnfVated .areas °* Uni°n Lake, and off-site hazardous 
disposal of treatment sludges. This is a source control 
(removal and treatment) alternative and is exactly the same as 
Alternatives 3A and 3B except that the treated sediments would 
be disposed of in Union Lake. wouio 

O Lake Deposition 

The treated sediments would be transported by barges 
romiJr6?- pneumatic pumps or by trucks to the 
SUS ° areas of Union Lake. The sediments would be 
pumped or manually deposited and allowed to settle 
uniformly over the lake bottom. If necessary, grading of 
the treated sediments would be implemented to maintain the 
original contours of the lake. 

If the remediation is conducted when the lake is at draw 
harnae Provisions to transport the treated sediment to the 
£ 2^. TK" construction of a pier, would have to 
finaT design consideration would be addressed during 

4.2.6.2 Assessment 

° Short-Term Effectiveness: The short-term effectiveness for 
exaction of the arsenic is similar to that presented in 
3A 7 alternative differs from Alternative 
3A in that the extracted sediment would be transported bv a 
barge equipped with a pneumatic pump for dry solids to 
those areas of Union Lake and disposed of. In the more 
accessible areas the treated sediments would be transported 
-2ufSuc£r ™an"ally deposited. Dust suppression methods 
ESS r®9ulJed when transferring the sediment to the 
barge or truck and when discharging the sediment via 
pneumatic pumps to the lake. On-site workers would be 
fhoP1rl7 Pf??e?:?d with Personal protective equipment. As 
aSd *eiy ?e.closed during the remedial action, 

*ndustrial shipping on the lake, the barge 
traffic would not have an adverse impact. There would be 
no appreciable truck-related effects and the traffic 2 
minimal? adverse impacts on the environment would be « 

o 
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Potential short-term environmental impacts could occur as a 
result of the implementation of this alternative. 
Discharge of the extracted material may cause temporary 
resuspension of contaminated sediments. The resuspension 
would be localized and if deemed necessary, could be 
controlled through the use of silt curtains. The treated 
material would be discharged uniformly over the areas of 
remediation to prevent any mounding of the material. Fish, 
wildlife and biota could be impacted during the discharge, 
however this would be temporary. 

The time required to complete this remedial action and to 
achieve protection is approximately three years. 

Iiong-Term Effectivftness: Alternative 3C has essentially 
s®"»e .lon9-term beneficial effectiveness as Alternative 

3B; additional concerns would arise over the deposition of 
the treated sediments in a natural, less controlled 
environment than a man-made landfill. The fundamental 
premise that would enable implementation of this 
alternative to allow for lake deposition would be the 
determination by the USEPA's Region II Regional 
Administrator that the cleaned sands can be delisted based 
on requirements, and the determination by the NJDEP that 
the sediments do not exhibit the characteristics of and 
would not be classified as ID 27 waste. Thus long-term 
adverse impacts to humans and the environment from the 

Is wouid have been considered to be minimal 
prior to implementation of this alternative. Regardless of 
the confidence given to the treated sediments, a long-term 
monitoring program would be implemented to measure the 
effectiveness of the remediation. 

re^®P°site^. in th® lake, the extraction process must 
reduce the sediment arsenic concentration to below 
20 mg/kg, the more stringent action level in the lake, and 
Sen8r?lSIriB nni^t ha?e 3 leachable arsenic concentration 
of 0.32 mg/1 or less in an EP Toxicity Test extract. The 
actual leaching concentration when saturated with water 
would presumably be less than this, since an EP Toxicity 
Test is performed by boiling a solid in an acetic acid 
o2z":i0n-, and measurin9 extracted concentrations. The 
actual leaching concentration with water is important, 
however, in terms of protecting the lake water quality. 

The extracted material would be discharged uniformly over 
relation to restore the ordinal contoGrs of 

the lake, which could result in minor impacts to the 
natural channel flow of the lake. The adverse 
environmental impacts would be minimal. 
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As discussed in Alternative 3A, this alternative would 
remove and treat sediments identified as a potential public 
health risk. The cancer risk associated with sediment 
ingestion would be reduced to 2 x 10-6 in the more 
accessible areas and, l x 10~5 in the less accessible 
areas. Thus this alternative would be protective of human 
health. 

Long-term monitoring would be required to measure the 
ef5?c^1Y®n®?s of this alternative and to monitor the 
redistribution patterns of the sediment. As discussed 
previously, the contaminated sediments remaining in the 
lake could potentially redistribute into areas where 
sediment ingestion could become a feasible exposure pathway 

ef dePth.s less than two and one half feet). 
Additional remedial actions would be necessary if this 
2™??' As contamihated sediments will remain on-site, 
CERCLA, as amended, would require a review of the site 
every five years. 

Reflection—af—Tonicity.—Mobility, and volume; Hydraulic 
dredging or excavation of the sediments identified as being 
detrimental to human health would reduce the toxicity, 
mobility, and volume of contaminants in Union Lake. Water 
extraction would desorb arsenic from sediments while 
chemical precipitation would remove soluble forms of 
arsenic from water. Discharge of treated waste water to 
the lake and deposition of treated sediments would account 
tor the addition of minor amounts of mobile toxic 
contaminants to the ecosystem. The volume of arsenic 
contaminants in sensitive health risk areas would be 
reduced to acceptable standards. The mobility of arsenic 
in those areas would be reduced, as there would no longer 
be a source for contaminant suspension or migration once 
the sediments are removed. 

This alternative would essentially offer the same reduction 
of toxicity and volume as the other two extraction 
alternatives; however, the lack of a controlled landfill to 
momtor the mobility of contaminants would be inherent with 
^S^mpler,unta^10n/ ,thus Placin9 it at a slight disadvantage 
to the other two alternatives. Recognizing the fact that 
deposition would not be achievable without first treating 
the sediments to low, acceptable leaching levels meeting 
substantive delisting requirements, this alternative has 
similar advantages that landfilling might offer. 

Implementabi1i ty 

Technical —Feasibility: As previously discussed, the 
K ?ie®.t0 dredge or excavate, water wash, physically <; 

and chemically treat the Union Lake sediments and water are S 
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a«Shl£i^lS-VJle' aJa*lable' and reliable. The availability 
tr2e«-e!i IS}- #• • b"9es and Pneumatic pumps to deposit 
treated sediments m the remediated areas of the lake are 

t0- b% equa\ly as hi9b- Numerous licensed 
h^f Lefter^T1®?n^1?1Ud9e disposal can be obtained to 
haul, treat, and landfill concentrated treatment residues. 

™™se.diments must be classified as non-ID 27 waste bv 
NJDEP in order to be deposited in the lake. A substantive 
requirement for classification as non ID 27 waste Is a 
on Cyi°n «.uln sediment arsenic concentration to 
20 mg/kg, the more stringent action level in the lake. If 
during final design, it is discovered that a two-staae 
water wash would not sufficiently reduce the arsenic 
concentration to 20 mg/kg, an alternate extracting media 
ISMI. required. Treatability tests indicated that 
sodium citrate would reduce the sediment arsenic 
concentration to 21 mg/kg. This process could be optimized 
treated'sediments"®"10 concenttati°" «f 20 mg/kg in the 

The overall technical feasibility of this alternative is 
considered to be high. The lack of soPh?sUcated 
oSHi equipm?nt t0 track deposited sediment movement 

the course of time places this alternative at a slight 
disadvantage to the alternatives with landfilling options 
contafn11^9 tb® faCt that the deP°sited sediments would 
contain arsenic concentrations within regulated leachina 

v. disadvantage becomes inconsequential it 
ea oflhe"^ backfi11™9 the dredgtd/elcavated 

areas of the lake would be necessary in all of the removal 
alternatives considered. The only difference 

that the cleaned sediments would be backfilled in this 
do£e than brin9in9 in clean fill as would be 
done with Alternatives 3A and 3B. 

Administrative Feasibility; Administrative concerns for 
oSiain/nnrn®itlVe WOUl? initially be most concentrated upon 

• tnC a • treated wastewater discharge and 
treated sediment deposition into Union Lake* lona-term 

aSd̂ five-yea1? reviews8®3 AddM-monitaring programs 
frnm Vkm «« ,f6views' Additional concerns would arise 
which • aZf5 us disposal of treatment sludges, 
USild he vi.him f ln e, Previous extraction alternatives 
would be viable from an administrative viewpoint. 

2i??ei.-the treated sediments would be deposited on-site a 
delisting petition to the NJDEP would not be necessarv 
Rather, according to USEPA SPGB personnel the Reni^i 
Administrator in USEPA's Region II c?S?d 'au^oriz®9 nSf 
^zaraous dispoEal pcovided the delisting requirements are < 

• 9^?ellstln9' the NJDEP would be responsible « 
for classifying the material for ultimate disposition. 
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The discharge of treated wastewater would not reauire a 
permit, s"*ce would take place on a Superfund site As 
long as the discharge meets all ARARs, state and local 
approval should be obtainable. other regulatory 
requirements would have to be met. These requirements 
would most likely fall under the jurisdiction of the Clean 
Water Act, particularly, Sections 401 and 404. Assumina 

pern!lt:.s are obtained and all other ARARs are met 
lake deposition of the treated sediments should be feasible.' 

As discussed previously in the other alternsH»« 
institutional effort would be required to carry 

?I!nn fri Slte evaluations and five-year reviews. These 
long-term concerns would be manageable from an 

administrative viewpoint. Thus this alternative is 

considered to be administratively feasible. ternacive ia 

.Cost: The costs for this alternative have been estimated 
th^ iVA"9 Vhe iak* at its condition and considecing 
the lake at drawdown. The capital cost for this 
alternative with the lake at its full condition as 
outlined in Table B-6, is estimated to be $11,265'000 
for thiT long7term operation and maintenance costs 

this alternative, outlined in Table B-14 are 
approximately $1,832,000 and $13,000, respectively The 
present worth cost, calculated at a discount rate* of 5% 

„infl,ation' " $14,752,000. This represents all ^ 
the les 4-° dredge' extract with water, and redeposit 
and tu treat the contaminated extractant; haul 
d landfill the hazardous sludges; to perform all 

operation and maintenance functions on the treatment system 

redistribution^'^mi m°nitoring to «..« 5edlmen? 
reviews! perform the six required five-year 

A alt6Cr°nSati-iWeehSitivit-y analysis was performed for this 
alternative by varying the water depth to which remediation 
sediment to^he^r!' ̂  va5ying *he volume of contaminated 
sediment to be removed. Sensitivity to water depth was 

H"®iPed»at a five~foot water depth and a ten-foot wa?er 
full condiP«nt W°rth* costs consiaering the lake at its 
fiii fnnh 1 wer® $20,064,000 and $28,351,000 for the 
five-foot water depth and ten-foot water deoth 

T* .These costs represent a difference of +36% 
case ?her coJ+sStXmate<5 prese.nt worth cost of the base 
case. The costs are summarized in Table 4-3 and 
graphically presented in Figure 4-2. 

The capital cost for this alternative with the lake at 
tlTsTooo as in Tafale C"5' is estimated to be 3 
S9,498,000. Short-term and long-term operation and 3 
Tableecai26 a?ftS f°r • tlliS aiternative, outlined in 
Table C-12, are approximately $1,808,000 and $13,000, 5 

o 
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respectively. The present worth cost, calculated at a 
discount rate of 5% after inflation, is $12,942,000. This 
represents all of the activities to excavate, extract with 
water, and reieposit the sediments; to treat the 
contaminated extractant; haul and landfill the hazardous 
the trLfmo al1 °Peration and maintenance functions on til system components; perform annual monitoring 

sediment redistribution; and perform the six 
required five-year reviews. 

eiterAV 8e""fitivit7 analysis was performed for this 
would be con^JoS71;? th® Wa^er depth to which remediation 

conducted, thus varying the volume of contaminated 
sediment to be removed. Sensitivity to water depth was 
d2I!th pat 8 .flve"f®ot water depth and a ten-foot water 
5™ worth costs considering the lake at draw 
down condition were $16,747,000 and $22,683,000 for the 
five-foot water depth and ten-foot water depth 
respectively. These costs represent a difference of +29% 
aitf»rnaMVoVerT^ es.timated present worth cost of the 
alternative. The costs are summarized in Table 4-4 and 
graphically presented in Figure 4-3. 

extracted sediments fail to pass the leaching 
SSJ hi°nf KI considered delistable, this alternative ma? 
\ feasible. Regulatory approval to dispose of a 
+k l*af?ous *aste in a recreational lake, despite the 

^. J18 sediments were removed from the lake and 
would have been treated to meet delisting requirements is 
considered unlikely. RCRA LDR consideration would apply to 
th® sedlments they were not delistable, therefore they 
wllli ̂  -1° dis.posed of ^ a Subtitle C hazardous 
variance) (assuming they met the 1 mg/1 treatability 

kevP^rSJ?Ille ARAKS: The same action-specific ARARs and 
f-9 5 th?fc apply to hydraulic dredging or 

excavation, extraction and extractant and supernatant 
treatment and discharge activities discussed in Alternative 
Fishr f n d P w - ^ f0r this alternatiye, including the U.S. 
RCRA rmf n1 Coordination Act, the Clean Water Act and 
RCRA LDRs. Deposition of the extracted sediment would 
SSSiln? * Sectiona 401 and 404 of the CWA. The extracted 

is assumed to be delistable and thus is not 
»"r+l™a+- RCRA LDRs. It is expected that this 
alternative would comply with all identified ARARs. 

Aitern-tive^c^Lnniy the Enyj ronment; 
human hJai+h would provide the same overall protection of 

• af drscussed in Alternative 3A. The 
imPact would include reducing the sediment & 

ingestion cancer risk level to 2 x 10-6 in the more 
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accessible areas and 1 x 10"5 in the less accessible 
areas. If the remaining contaminated sediment 
redistributes to areas where sediment ingestion is a 
feasible pathway, additional remedial actions would be 
required to adequately protect human health. 

The implementation of this alternative may improve the 
lacustrine ecosystem by reducing the potential exposure 
pathways of the arsenic contaminants to the fish and 
wildlife. 

° State Acceptance: No specific comments were received 
pertaining to the lake deposition of the treated 
sediments. General comments mentioned previously are 
applicable to this alternative. 

® Community—Acceptance s No public comments have been 
received to date. 

4.2.7 Alternative 3P - Removal/Extraction/Plant Site DamvciMnn 
Of Sediments/Off-Site Hazardous Sludoe Disposal 

4.2.7.1 Description 

The major features of this alternative include hydraulic 
dredging or ^excavation of contaminated sediments, two-stage 
water extraction of the dewatered sediments, supernatant water 
treatment and extractant treatment with discharge to Union Lake, 
uniform deposition of treated sediments on the ViChem plant 
site, and off-site hazardous disposal of treatment sludges. 
This is a source control (removal and treatment) alternative and 
is exactly the same as Alternative 3A, 3B and 3C except that the 
treated sediments would deposited on the ViChem plant site. 

o giant Site Deposition 

The treated lake sediments would be transported by trucks to the 
ViChem plant site and deposited in the undeveloped areas of the 
site (approximately 25 acres). Approximately 117,000 cubic 
yards of treated sediment would be deposited on the site. 
Bulldozers, compactors and graders would work conjunctively to 
cut and fill the deposition areas to establish new topography. 
This topography would be designed to maintain the present runoff 
°" an® off tlie site. Temporary construction controls such as 
silt fences, haybails, and runoff diversion ditches would be 
established to protect the site and adjacent properties. When 
deposition is complete, clean fill and/or seeded topsoil would 
be used to protectively cover the areas from natural eroding 
forces. '• 

The major construction components and facilities for this < 
alternative are outlined in Table A-7 of Appendix A. g 
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4.2.7.2 Assessment 

fl?Irnl£?o Kl,?e^ivpnp^: . ?he short-term effectiveness of 
Alternative 3D is very similar to that alreadv oresented 
for Alternative 3B. Alternative 3D differs in that the 
treated sediments would be deposited directly on the plant 
M«;.t1?oie,^.Vandfl.U- concerns o^r'duat 
generation, protection of workers and the public, and the 

ii^Alternative 3B handled accordingly, as described 
Alternative 3B. Additional measures such as fencina and 

security would be taken to minimize access tothellant 
iiaetherma^e eiimple!n»fntation of the alt«rnative. Deposit-
ehnrf M8I.'011 plant site would have no different 
on 51 ®ffec^lveness than depositing the material in an 
on-site nonhazardous landfill. The time to complete the 
remediation would be approximately three years. 

K?q1Term, Mttctl Vftnftwn: Alternative 3D has essentially 
AJ d?J lo?9~tenn effectiveness as Alternative 3B and 3C 

dfnoin Alternative 3C, concerns would arise olei 
the deposition of the treated sediments in a natural less 
controlled environment than a manmade landfill. This alter
native could only be implemented if the treated sediments 
an|ecUs1sff!tdbLtlth.U»Ule'i0n 11 Clonal Administrate 
!«». ! ?. J , y the NJDEP as non-ID 27 waste. In order 

be delisted, the treated sediments must have a leachable 
?e"rieC,^entrati°"1°f 0,32 11,9/1 or less in an EP Toxicity 
Test extract as established by the VHS model. Classifies 
sediment non"ID. 27 waste would require a reduction in the 
sediment arsenic concentration to below 20 mg/kg the more 
stringent action level. Thus the long-term impacts to 
human health and the environment would be considered prior 
to implementation of this alternative. considered prior 

The remaining long-term concerns associated with this 
™ ̂  3TldThbfs 'de"iCal V tho" 

levels tcT 2 ^"in-6 • a<?tlon would reduce cancer risk 
i®£® *°2 x. -1(L . ln th® more accessible areas of the 
Jional usi Xof °?H inAhe l6SS accessible areas. Recrea! 
completion of remen* t^6 C°Uld b® ins"tuted following completion of remediation. Secondary waste 
issues would be negligible since tte bssar"ous ""K 
sludges would be handled at a licensed off-site facility. 

m°Artoring program would be implemented to 
monitor sediment distribution patterns in the lake and tn 
7®®su^e the effectiveness of the remediation with partici-

attention given to evaluating groundwater for the 
appearance of leachate from the treated sedim^t" 
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"r Volump: This alterna
tive would greatly reduce the toxicity, mobility and volume 
?ha?rSeniCICK?taminated sedin,ents in the lake to the extent 
that acceptable risks to human health would be achieved in 
the accessible areas of the lake. The toxicity and volume 
fhn'si?15 would be reduced by extracting the arsenic from 

.alterin9 its form through oxidation, con
solidating it into a sludge, and disposing of it to a 
mohiif<-vqUnfP6d Wlt-h technologies to safely manage it. The 
T?** £ £ arsenic in the environment would decrease 
although not to the extent that could be achieved if placed 
iear?hi£fl0Pnf £n®d and caPPed landfill. The control of 
leaching of contaminants into groundwater would be more 

Itulcltll system.3 landfiU' * "P and a 

Implementabi1 i ty? 

dXdinn«* Jgasihility: The technical feasibility of the 
dredging, excavation, extraction, wastewater treatment and 
sludge disposal operations are identical to thoseTressed 
avaf^HirnatlV?? 2f and 3B- AU are considered to be hiSSTy 
tioi of thfe *-ia «.®̂ and i™plen,entable- Plant site deposi-
aid nrL trf?fc?d. sediments with associated compacting 

9radlng activities is considered to be technically 
practices6 SinC® Xt W°Uld involve standard construction 

M^MSedimen^s must be classified as non-ID 27 waste bv 
NJDEP in order to be deposited on the plant site. A sub
stantive requirement for classification as non-ID 27 waste 
20 mg/kradUfht°nplint th% SediT^ arsenic concentation ^o 
20 mg/kg, the plant site action level for soils and the 
nn„ ;;°'e"VaCti°n level ln the 1»"». If, duringfinal 
design it is discovered that a two-stage water wash would 
™/J utly teduce the """ic concentration^toM 
rlC *- an.a"®Fnate extracting medium would be required 
The treatability studies indicated that eXXXion 
concentra-S°tion W°U/i? reduce the sediment arsenic 

* u. t0 21 ra9/k9- This process could be 
inthetreated*sediment" aI5eni° COnCentratlon ™ ™9/kg 

?XSLeSitstadndPa°rSiti0n tl?e treated lake sediments would 
practices to deve^on th e<JuiP?ent and construction 
L . . „ develop the on—site topography without 
SX£fX9 °"-site flow- These are stanL?d constriction 
A o^ i ^aS such are considered easily implementable 
tion than for an^n W-°4Uld b® available for on-site deposi-

are certain re'strioUon's T'locating 'a " landf'i,fT 
proximity to property boundaries. Since there is mo"eCland < 

M 
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of6a' monnrtmatlr^a-l •COUl1d1 be s.pread more thinly creating less 
^ • Additionally, site deposition does not require 

the inclusion of the clay liners and leachate collection 
systems associated with a landfill. Also, a four f£ot 
bottom and top layer would not be required, meaning the 
vsP20Xft )81638 WOUld not be as high as a landfill (4 ft. 

Admimstratiye—feasibility: Deposition of treated sedi-
!?eUch yjlnf- requi£e. a considerable administrative effort to 
reach fruition. Prior to remediation of the lake, a number 
A wSX0M regardin9 the fate of the treated sediJSnts 

would have to be made. First, if deposition at the plant 
as "?n-site"' ^lilting, whichhls: beeJ; 

shown as feasible, would be implemented by USEPA Region 
J * Otherwise, the NJDEP would have to be petitioned for a 
2!i: S %1?ri£ica,ti°i £or the trMtea since 

" would be considered "on-site," a lenqthv 
petitioning process would be avoided. lengtny 

deliatin9' the NJDEP would be responsible for 
lassifymg the material for ultimate disposition 

toC°NJAcn97.25 Nie^/erSe.y /0lid/Hazardous Waste Rules (refer 
to NJAC 7.25-1.6), solid waste are generally reaarded as 
a?e6be1n« ?rSt ei!|he* n° longer serve a beneficial use or 
?eleasi fn"K8 of such that their constituents can be 
released to the environment. Following treatment the 
sediments would contain leachable Irlenil ^oJ tte 
regulatory disposal levels. Therefore, deposition of the 

and'the envt^Lt^ ̂  minimal threat t0 human health 

3«,n^iSC!?ar9e °f treated water from the extraction process 
ARAkf woui5eqhire nt ?er™it; however, a statement that all 
ARARs would be obtained would have to be provided As 
discussed in the other alternatives, substantial institu
tional effort would be required to carry out periodic site 
evaluations and five-year reviews. These long-termconclr^s 
Sii b® raanag?able.from an administrative viewpoint? ?JSs 
feasible?6103 6 iS considered to be adrn^isfmiJe^ 

o Cast: The costs for this alternative have been estimated 
^"Slde"ng th* lake at its full condition anS considering 

tive Sith thfris?eWnaV ' ?6 cost for this alterna? 
Tahio n •» • i.. 1 11 condition, as outlined in 
TSlJi 1S ®s.timated to be $14,746,000. Short-term and 
long-term operation and maintenance costs for this alterna 

culated at a discount rate of 5% after inflation, is 
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ar 
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$18,233,000. This represents all of the activities to 
treat6 theXtconJ wfth water' and redeposit the sediments; to 
treat the contaminated extractant; haul and landfill the 

X Pn£orn a11 .na'^tenanJe 
mnni? • treatment system components; perform 

annual monitoring to assess sediment redistribution* and 
perform the six required five-year reviews. 

A cost sensitivity analysis was performed for this alterna
tive by varying the water depth to which remediation would 
be conducted, thus varying the volume of contaminated 
sediment to be removed. Sensitivity to water depth was 
den+h D 8 .flve"f°ot water depth and a ten-foot water 
depth. Present worth costs considering the lake at- i+« 
full condition were $25,330,000 and $36,400,000 fô  tie 
five-foot water depth and ten-foot water depth, respec! 
lvely. These costs represent a difference of +39% to +100 
% over the estimated present worth cost of the base case 
The costs are summarized in Table 4-3 and graphically 
presented in Figure 4-2. 9«pnicany 

The capital cost for this alternative with the lake at 
«f1?r;oo"S °URHlin.ea. in Table C"6' 15 "timatea to £ 
512,978,000. Short-term and long-term operation and 
maintenance costs for this alternative, outlined in Table 

ar® aPProxin,stely $1,808,000 and $13,000, respec-
™te Jf %+pEe*e,£ W?rth cost' calculated at a discount 
all of th«aan+er .1.n.flat^on' is $16,422,000. This represents 
i of the activities to excavate, extract with water and 

ha«?P»S* the sediments; treat the contaminated extractant* 
aul and landfill the hazardous sludge; perform all opera

tion and maintenance functions on the treatment svstem 

redistribution6*^^and a„nufal """Storing to assess sediment 
reviews. Perform the six required five-year 

+4vfSK«SSnSi^ivi^ analysis was performed for this alterna-
be condJcVid119 A water.dePth to which remediation would 
5!diS«? + dL thUS varyin9 the volume of contaminated 
analyzed a+ *® remo_ved* Sensitivity to water depth was 
analyzed at a five-foot water depth and a ten-foot water 
depth. Present worth costs considering the lake at draw 
down condition were $22,012,000 and $30,732,000 for the 

I;00t,KW8ter depth and ten-foot water depth, respeS? 
over he ?°its r®Present a difference of +34% to +87% 
The ma Present worth costs of the alternative 
presented i^FigureT^-s ,Z6^ in Table 4"4 and ^P^aUy 

If the extracted sediments fail to pass the iaa.kin 

nn+teh'10n#t0 *^fi considered delistable, this alternative ma- < 
i • Re«ul«°ry approval to dispose of * 

listed hazardous waste in a recreational lake, despite th. 
o 
o 
to 
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fact that the sediments were removed from the lake and 
h"e treated to meet delisting requirements, is 

*»»!»«*• unlikely. RCRA LDR consideration would apply to 
tho ®edin»ents lf they were not delistable, therefore thev 
Zlslt faciHtv £ disposed of in a Subtitle C hazarSous 
va riance). (assuming they met the 1 mg/l treatability 

® pPropliance—with—ARARs! The same action—specific arars and 
ex?rato?iUo1„ati0.n„%that aPply t0 **««« dredging, ̂ f-Ot.ge 

*• supernatant treatment and discharge 
activities discussed in Alternative 3A are applicable for 
c5ordinaf®rnaV^e' .£ncludin9 the U.S. Fish and Wildlife 
ex tract ed1 °n sediment- "®an Wat®r Act and RCRA LDRs- The 

requirements andthus i^ot^b?ect to the^RA Ss""?? 
this alternative would -th an 

0  M L u a i ! l J ° ! . . . ? ? . a n „ 1  * h  a n d  ^ r r n n rnf 
human health »*AS *• Sam overa11 Protection of 

• a! discussed m Alternative 3A. The 
beneficial impact would include reducing the sediment 

to levels protective of human health. IftSe 

where aliment ̂ u^sure .Sit&K 
;Sl£.xat0h"0na M0UW * *• adequatelj^ protect 

The implementation of this alternative may improve the 
pathways of^the6"1 ** • reducing the Potential exposure 
wildlife. arsenic contaminants to the fish and 

comment, namely that alternatives be considered that did 
not require either on-site or off-site lMdfiU disposal. 

° receive^to ?ublic comments have been 

hltematlTB 5 - In Situ Sand fnv,ring 

4.2.8.1 Description 

™!™aj°r ieature of this alternative involves placino clean 

remediation!* criteria o ST* '"0 

©quipped wi*Ui1 pneumatic pSSpO £0'™^ maVr"" ha'adF""'6 
diffuses discharge heads fVP?he deepe? Ztio^t^islreV. 
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or would be spread by trucks or front-end loaders and graded 
thrSiJJiSi? 131'000 cubic yards of sand would be required for 

Long-term monitoring of the lake would be required to evaluate 
.Performance of this alternative. The monitoring would 

consist of an annual inspection of the site, as well as 
environmental sampling and chemical analysis of the samples for 
arsenic. if it is determined that the coarse sand cover has 
additional e?£?tly disrupted or does not meet the intended use, 
rfaradinn cle®n coarse sand may be required for application and 
regrading. Because this alternative would result in 
reSJi?enthat thf*???- rem.ai"ing on-site, CERCLA as amended would require that the site must be reviewed every five years. 

The major work items associated with this alternative include: 

o Mobilization/demobilization of equipment and operations; 

° tiowoP' °f Clean C°arSe Sand (incremental applica-

o Application and grading (where necessary) of coarse 
sand cover in those areas identified; 

o Annual inspections of the site to determine if 
conditions have changed dramatically, or if the cover 
has been significantly disrupted; 

0 anaTvci ®®"®pl.ing of the lake sediment and lake water and 
' . ® arsenic to monitor contaminant 

concentrations and any associated migration; 

o Assessment of whether the sand cover meets the remedial 
thê neZ?'5 f thlS •1.te.rnative, and identification of 
the need for any additional clean sand covering and 
regrading operation; and 

o Performance of site reviews every five years. 

4.2.8.2 Assessment 

° Short-Term—Effectiveness: The short-term effectiveness 
Seaf^haStOCiat/d,with this alternative include puSIic 
health threats and adverse impacts on the environment. 

aSnifW119 • °f . the contaminated sediments may have 
significant impacts on the lake ecosystem if the 

n ™ condu?ted whe« the lake is at its full 
condition. The application of the one-foot coarse sand 

grading activities may result in temporary 
arfas of "? suspension. However, as the 
areas of remediation are relatively shallow, particulates 
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?SildiaSifttl-e 3 short Period off time. Regardless if 
* ?,. • tke ls_fu11 or at the drawdown condition at the 

H the 5e™edial action, the shoreline would 
fc? ? regraded. Pooled areas of quiescent water 
J. fe5ve as batching and/or feeding areas, may be 

ti ?h»ah?h:*. +S 3« !F®sult' direct adverse impacts may occur 
to the habitats of biota, fish and wildlife. 

*s ostimated that during the implementation of this 
alternative, approximately 10,100 truckloads of clean 

( K °UbiC y3rds per load) would be required to 
provide enough cover material. As a result of the 
increased traffic conditions, temporary increases in noise 
accidentsP ma OX1H levels a?d the occurrences" / vehiSSlar 
activities in a^^ aSS°C^ate^ W^th the construction 
activities. In addition, transferring the clean sands to 
$aTs dun,ping sands for grading may result in fugitive 
dust emissions. However, the impact of each of these 
4mn?°rar? condltlons can be minimized through the 
implementation of appropriate construction control plans 
wate^spray*). P # and d"St contro1 measures (e.g., 

withtr?hoi0n w°rk.era "ould n<>t come into direct contact 
contaminated sediments, as no excavation or 

anofiiU?- sediments would be involved. Coarse sand 
application would be accomplished through the use of barges 
equipped with pneumatic pumps or diffuser discharge heads 
dischara*!? fre *** sedin,ent is submerged the sand would be 
nrrtfJ • ?m- pump hose below the water surface in 
with deDtrnnerna1rZefhtny1 distu*bance- In areas of shallow 
water depth near the lake shore and areas along the lake 

Sa w°nld be applied by truck or front end loader 
mav £e1»»n"f9/5 • A® Previously mentioned, fugitive dust 

emitted during the transfer of clean sands by the 
appropriate application equipment. Since this is clean 

?on2ln<aP*Pr0priai?e duSt con.tro1 measures could be employed 
to minimize worker and public exposure. 

Iionq-Term Effectiveness: The coarse sand cover would 
ESSMS*- p?Jenti.al of ingestion of those UdiHSSS 
identified in the risk assessment as a- public health risk 
™aref°" .th« «•*« risk in the areas of mli 
M reduced. However, only approximately five percent of 
wnSifi ho1110 contaminated sediments contained in the lake 
would be covered. Several instances could arise wherebv 
S toCtheTkp10fn c°u.ld be redistributed. Incoming 
water to the lake from the river could carry additional 
arsenic contamination, which could subsequently adsorb onto T <-Zai7J?S- .Natural water dynamics. human dfstSrbance 
philflron sediments °r cover during swimming or jogging? 

digging m the sand cover, or the growth of < 
vegetation are examples of mechanisms that may redistribute £ 

o 
o 
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S!n??in-a«ed s®dim®nts- Any of these occurrences may 
i previously clean sediment areas exceeding the 

areas hecomino may ™SUl* in Previously contaminated 
J! clean. Therefore, annual monitoring would 
be required to measure the effectiveness of this 
lakersedimentan<3 m0nit0r th® redistribution pattern of the 

s«5?mfn1-J:h™alternative. would result in th® contaminated 
refnTroU1!. °n-sit®' CERCLA as amended would also 
require that the site be reviewed every five years to 
JlS!™!11®- effectiveness of the alternative or if new 
particular^ite? ** applied t0 th® Problems at this 

?fnrt?nn«P°na the revievf of th® annual monitoring program 
findings, an assessment would be made to determine if the 
objectives set for this alternative are met. The level of 

a*inty+-f°r this alternative in meeting the objectives is 
the A^-V®ateid r®sidual contamination remaining in 
the lake. Additional clean coarse sand may be required in 
new or already covered areas, or r e g r a f l i n a m l y  l e  

arsMio data reveal significant levels of 
implemented? St6PS f°r rem®diation may be 

Mobility, Qr Volmnft: As a result of 
the implementation of this alternative, there would be no 
sediments in" ̂  i l°*iCi% °r VOlume of contaminated 
Sff lake. The sand cover would act as a 
temporary measure to reduce the potential for ingestion of 
the C?Hkeminai.?d sediments located in the shallow waters of 

u-vt1S cover would significantly reduce the 
physical mobility of arsenic from the underlying sediments 
but would not eliminate potential e*pLu!e to thi 
underlying sediments, as the cover may easily be disrupted 
a«pni>rf lh additio?' the Potential for the leaching of 
Jr a ,ccn f r.om fcJe contaminated sediments into the lake water 
or adsorbing to the clean sand or other sediments still 
exists due to the high permeability of the cover material. 

Implementabi1i fry 

Tbe application of the coarse sand 
fZlt 15 1 relatively simple and conventional technique 
that may be accomplished through the use of pneumatic 
pumping and barges, or dumping via trucks and/or front-end 
loaders with subsequent grading. Coarse sand is a common 

"Jirli1. that is locally available. Associ^ed 
is at its furFennlri" particular application when the lak€ 

full condition involve the potential for sediment 
dep££s ?i°e an? ,re®usP®nsio; by the barge at shallow watej 
depths (i.e., 2.5 feet), and by the physical application oi 
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£!!f C0Y®r sand* , As there are contaminated sediments above 
the action level that are located immediately outside the 
jy6?.1"1?" thete ia a potentia 1 that a high deg«e 

«.*bulence would resuspend or disperse the exDosed 
contaminated sediments. These sediments could then settle 

c/?an ynd cover. Considerations imist be given 
reoSired ̂  n?. J type t0 the minimum clearance 
required by the barge with a full load and location of i-ho 
barge's propeller to minimize this potential disturbance. 

iiS[mf^i0ni-^eChniqiies..may also be selected in order to 
« potential for contaminated sediment 

disturbance. Point dumping from the truck or from a 
result in to. resuspend the sediment and 
result m high turbidity in the vicinifcv lu. 
SSmDstl°oS'iHPUKInpdOWn^n,ethods' as with bar9es and pneumatic 

K could be used t0 reduce the amount of sediment 
disturbance, resuspension, and turbidity increase in the 
surrounding water by discharging the co^er Sfal close 

surface of the sediments. However, the typical 
So^k in°thePsha??£n ""J require modification in order to 
??on S *5. sha.n°w waters for Union Lake. Upon applica
nt!!!? ?! these techniques, it may be difficult to ensure 
that the one-foot of sand cover extends over the submeraed 
contaminated sediments. in the more shallow areas of the 
lake sediments which require covering, it would be easier 
nne°fn^f J186 °f gradin9 equipment to establish the 
differ Sa1 cover« Another technique, a submerged 
diffuser system, could be used to reduce the turbiditv 
theUiria9 ?he C0Ver aPPlicafcion, decrease scouring of 
the nno f ? ° Provide a more accurate system by which 
could «use radl!? ̂  applied' The diffuser heaS couia cause radial divergence of the flow of the mwor 

thereby reducing the discharge velocity of the 
applied cover material to acceptable levels Rv • _ 
a^well9^ °the diacharge above the contaminated sediment 
and thu fHnfc discharge velocity, impact of the velocity 
I5J-J® 1 thlck.ness of the cover can be controlled 
a?eas10onf W°Uld be required "> address â  
action linated access encountered during the remedial 

Sri 
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levels of" a?renirm«rit0rin9 reveal that significant 
levels of arsenic are present, or that the sand cover is 
thin IS*??*"9 i l6Vel of Protection intended by its use, 
may inclidi0ntVen?rtrt51^S Wi°Uld ?f re^uired- These measures 
SJer J • i°Ml W1108*1®" of more clean sand 
cover, regradxng existing cover areas, or, if conditions 
(1*1iediSir^wS^?1 tSating the contaminated matrix 
le.g., sediment or water). The present alternative artinn, 
meJsurlsnerHoweve?t i.nterf;re with a«y of these additional 

= SSTiir." Xtlly 'Vê 'VoVerla' 'S&tgS! 
woifa'te requited,' inc""ea vol™~ treatment. 

Jhai- maA°r iimiH^?n associated with this alternative is 
^ j?e. feasibllity and effectiveness of the method 

employed has not been fully demonstrated for the contain-
mo?h A hazardous waste contaminated sediments. Coverina 
methods have been utilized at several sites recentlv 
X'?'""-1' reliability and "Ifeotiveness "o,7' thia alternative is not yet known. nis 

Administrative Fftflsihi lity: The implementation of this 
rnattve wo"ld "suit in the modification of a water 

I ' coordination with the U.S. Fish and 
* Services must be performed prior to the implementa-

when the la^eis^uiV*"' " *h® remediation is conducted 
is full, access to certain areas of the lake 

sediments requiring sand covering may be difficult from 
be r«urredertoy-0htCaf„rdinati0n Kith prl"te bo~rs m™ 
oe required to obtain access. As required by CERCLA al 
amended, the site must be reviewed every five years to 
?^hnotne-the •ff«c"*«ness of the alternative or " new 
particulate8 sTte 1. applied to the problems at this 
anticipated Pi ** ?° tr.eatment or disposal is 
anticipated, no additional permits are required and RCRA 

considerations are not applicable to this alternative. 

The trucks delivering the estimated 131,000 cubic yards of 
clean coarse sand would be scheduled based upPn assured 
at^th"public3^beVch ̂ the limit®d sfcorage would be available 
at cne pudiic beach, the area is not of sufficient si?P to 
accommodate the entire load required for alternative 

SrlfS »" "»a"»"na=VndeithiaoVne and8 considering 
with the lake"a?0Us fTm cost for this alternative 
tn tne lake at its full condition, as outlined in Tabla 

15 estlmated to be *3,145,000. Ho short-term operation < 
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a??«™na/ntenaTnCe a. COStS are associated with this 
V 9 operation and maintenance costs for 

ll3 0oi (llar ^r in T?ble B"16' are approximated 
cilc£?di? U* V°r 3°. years>- The Present worth cost, S? S2i SS2 TV.- dlscount rate of 5% after inflation, is 
! A nt V 1' i represents all of the activities to place 
a one-foot layer of sand over the 131,000 square feet of 
fSUctiiHr ot Stehdimenti perform a11 operation and maintenance 
functions on the sand cover; perform annual monitorina to 
five-year reviews?diStribUti°n; 'na Petform the *"* «wireS 

A cost sensitivity analysis was performed for this alterna-
beVconductedin?Uthe Wat®r depth to which remediation would 
be conducted, thus varying the areal extent of the sand 
cover. Sensitivity to water depth was analyzed at a fiJe-
foot water depth and a ten-foot water depth. Present worth 
iL nAA -r*n® the lake at its ful1 condition were 

I 3 $8/706,000 for the five-foot water depth and 
10-foot water depth, respectively. These costs Represent a 
difference of +62% to +158% over the estimated present worth 
cost of the alternative. The costs are summarized in Table 
4-3. A graphical representation is depicted in Figure 4-2. 

The capital cost for this alternative with the lake at 
S2 l76Wooo 38 NoUtlhintd+in Table C~7' is estimated to be II* Jutezm operati°n and maintenance costs 
are associated with this alternative. Long-term operation 
Tab l n^®nance costs for this alternative, outlined in 
22i i * aIe*aPProxiraately $13,000. The present worth 
+n «i alued at $2,400,000, represents all of the activities 
fe*+ nf6 /f °ne":fo°t _layer. of sand over the 131,000 square 
feet of contaminated sediment; perform all operation and 
maintenance functions on the sand cover; perform annual 
+h21«°rin9 fc-° as!?ss sediment redistribution; and perform 
the six required five-year reviews. perrorm 

A cost sensitivity analysis was performed for this alterna-
beVconduciSin9+hthe Wat6r depth t0 which "mediation would 
be conducted, thus varying the areal extent of the sand 
cover. Sensitivity to water depth was analyzed at a five-
foot water depth and a ten-foot water depth. Present worth 

c„rideriAn9 the lake draw dJwn condition Sere 
lo'foSt Sa+Snd* +S77'000 for the five-foot water depth and 
Janfeof £th, respectiveiy. These costs represent a 22? A* +». 1 + over the estimated present worth 
4-4 and are araoh^V®' The .c°st® are summarized in Table 

ana are graphically presented in Figure 4-3. 

° —With—ARARs • The U.S. Fish and Wildlife 
Coordination Act rewires that any appropriate agwcv < 

U S Fish 'jSd si'iarf0™1. " wildlife resource, and the g 
. . Fish and Wildlife Service, be consulted before 
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undertaking any action that modifies a water body. Special 
tSSSS^lS^^V- t0 the inpsct °n wetlands a„d f lood-
11 90 and 55(188 PL1" accordance with Executive Orders 
11990 and 11888. Placement of a one-foot sand layer over 
Sf a10w!ter bJdv870^^lak® W°Uld constitute modification 
fiL I body. Therefore, coordination with the proper 

a,nd the U'S* Fish and Wildlife Service would be 
conducted to ensure that this alternative would comply with 
this ARAR. in addition, the National Endangered Species 
Act requires that special attention be given to the impact 
on areas where endangered species reside. 

E?, °f sand layer when the lake is at its 
the OTA se^inn" sa discharge according to 
the CT»A. Section 401 and Section 404 specify that the 

c°ntaminant levels not be violated and that no 
remedial alternative affecting a wetland shall be permitted 
ti i-i Pr?cticable alternative with less impact on the 
wetland is available. Prior to placement of the sand 
cover, the sand would be sampled to ensure that it is not 
contaminated. As the sand would be from a clean source 
the chemical, physical and biological integrity of the lake 
would not be violated. However, temporary and localized 
InlVnr ^Pa Ŝ t0* the wetland including res£speision 
from fhJ6 °i ». contaminated sediments would result 
is full 1TiHe-nf-n i110n °* this aitemative when the lake 

Additionally, installation of access roads to 
rtoS T ®2£y required. These access roads would be 

^ K th® comPleti°n of the remediation and the 
wetland would be restored to its original condition with 
*nV?al impact. Based on the above discussion, excavation 
i* filf c°ntaminated sediments when the lake is drawn down 
is favored over dredging relative to the CWA. 

Activities during this remediation would be subject to OSHA 
industry standards and regulations. 3 C0 OSHA 

At the ̂ start of the remedial design, a Staae IA survov 
consisting of a comprehensive literature search would hp 
conducted according to the National" Histo "c denervation 

a.this alternative does not involve any removal 
applicable.°T placeTOnt °f «CRA LDRI are not 

iw ? . would not involve any removal or treatment 
risk contaminated sediments identified as a public health 
sediment bv olarinn°V a .type ot contai|w»ent of tie 
seaiment by placing a one-foot sand layer atoD thn«?» 
sediments. This cover would reduce the potential for < 
sediment ingestion, thus reducing the cancer risk level to 5 
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^ * 10-6 in the more accessible areas and 1 x 10"^ in 
the less accessible areas. Natural sediment redistribution 
patterns, human disturbance and vegetative growth may cause 

h concentrations greater than the action level 
iSeiJhii in areas where sediment ingestion is 
feasible. If this occurs additional remedial actions would 
be required to meet the target cancer risk level. 

State Acceptances No state comments were received 
regarding this specific alternative. The general comments 
previously discussed are applicable to this alternative. 

Community Acceptance; 
received to date. 

No public comments have been 

4.3 COMPARISON AMONG ALTERNATIVES 

A comparative analysis will be conducted in this section to 
evaluate the relative performance of each alternative in 
fhf! ™ specific evaluation criterion. The purpose of 

comparative analysis is to identify the advantages and 
disadvantages of each alternative relative to one another. 

section^;10Win9 liStS the alternatives to be compared in this 

Alternative 1: 

Alternative 2A: 

No Action 

Removal/Fixation/Off-Site Nonhazardous 
Landfill 

Alternative 2B: 

Alternative 3A: 

Alternative 3B: 

Alternative 3C: 

Alternative 3D: 

Alternative 5: 

Removal/Fixation/On-Site Nonhazardous 
Landfill 

Removal/Extraction/Sediments to Off-site 
Nonhazardous Landfill/ Off-Site 
Hazardous Sludge Disposal 

Removal/Extraction/Sediments to On-Site 
Nonhazardous Landfill/Off-Site 
Hazardous Sludge Disposal 

Removal/Extraction/Lake Deposition of 
Sediments/Off-Site Hazardous Sludge 
Disposal 

Removal/Extraction/Plant Site Deposition 
of Sediments/Off-Site Hazardous Sludge 
Disposal 

In Situ Sand Cover 

3 
55 
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4.3.1 Short-Term Effectiving., 

Iĥ *-il!̂ lemen«tî n of A1ternative 1 would result in minimal 

possiily^restrict8 the w ̂f^thTTakl?' The™®* would* be°Uld 
construction involved at the site nl fhrU? I would be no 
communities, and no significant impacts on th^^bUc"^^^! 

P u b H ™ ^  ^ "  
coranunities during the remedial action neighboring 

The implementation of Alternatives 2A 2B *JA M M J 
would pose potential public health threes ?o' tte' nfLhi,"3 •3D 
communities via direct contact with skilled wastes lnd j^ 

wtulV hectored "in <" 
forhlimitedmdS5t0n ?onfro1 devices' there would be ^potential 
for limited dust emissions. In Alternatives 3A anfa OPI 

the chemicals utilized are either Uguid or granule in nature 
2A °2B°!3A 'in8 ,'lne du5t' The implementation of Alternatives 
health' tire™ J or «3D M°uld Present minor threats to piblic 

community "'"r'ŝ i Jnt̂ ŵ d" be'̂ Lov̂ '̂pô Jua! i'm° 
include fugitive dust emissions dur"T nlicê nt I, th« P̂ 'n 

minimize ̂hTs* ret/at""™"10" dust-suPPression techniques would 

SS? b"8 ;S?"S °per8 OMel'ep"otective°nequipment ̂to 

ai-tiri„^n%f£^i^r'dusCtn'8cf """ -»-=!catt 

"--^eCiS °̂ n\TAẐ  

iZLt *' 3B'.3C' 3D an<3 5 pose some environmental impacts whir-h 

increased "= 

Sastesl0n'pr?Dertr°,VU®i0n 8nd inc™«ed ezporere to spiUed 
would ' be required to "rlin'w 8nd reU" EUPPreEsion measures 
environmental impacts. these short-term adverse 

If the remediation is conducted WHEN FHE I - U- I. ., 

£se potentialCadverseAenvironmentaiAimpactsA' S^CcX ST 

a?fecf b o0LaliMsdin^aitT'AreASUSPenSion 8nd ™»ld SpoUr? „ 
biota. Since the dredging would be limited to loc< M 

z 

o 
o 
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shallow water areas, suspensions would settle in a short period 
of time. Additionally, silt curtains would be used to prevent 
migration of any resuspended sediment. The dredgina activities 
could disturb wetland areas therefore measures ma?9 have to Se 
taken to restore the wetland areas. 

Excavation of the sediments would be performed in Alternatives 
? £. ?' J, a 1 the rem®diation is conducted when 

the lake is at drawdown. Fewer potential adverse environmental 
bePa<erDfi«rt associated with dry excavation; the sediments wSu?d 
be exposed allowing greater control in the removal of 
contaminated sediments. Dust suppression techniques would be 

prevent the release of fugitive dust. If any 
wnuin"? ?r?aS .are disturbed during the excavation, measures 
would be taken to restore the areas. 

J?5ier!tntatii>n J5*, Alternative 3C and Alternative 5 (if remedia
tion is conducted when the lake is at its full condition) may 
result in temporary and localized short-term impacts to the lake. 
Redeposition of the extracted sediments and the dispersion of 
sand from the covering in Alternative 5 may result in resuspen-

cor?t®m^nated sediments. The potential for resuspen?ion 
could be minimized through the use of diffuser-type equipment. 
eLid'h?**1"?11-.does occur, migration of the particulate matter 
could be minimized through the utilization of silt curtains 
Dispersion of both the treated sediments and sand would b4 
boatin^activities'! Pilln9 °£ th6 materia1' «"<* "ould impact 

If remediation is conducted when the lake is at drawdown. 
Alternative 5 could be implemented utilizing dry application 
equipment such as trucks, front-end loaders and graderi? BargS 
«eas This method t"nSPOr,t- lh.e aand 16 the rliedfaw" 

substantially fewer environmental ̂ctsTa" wouM till aUoS 

aept^cfCt0he cove°rVer 'he "eal eXt8nt °£ the sand C0Ter and the 

h?6 anr^eJ?U»-iried achieve Protection for Alternative 1 would 
be approximately three to four weeks. This would include 
monitoring the lake and posting warning signs. The time 
required to complete Alternatives 2A and 2B, 3A, 3B, 3C and 3D 
is estimated to be three years. One year is required for 
Alternative 5. The estimated time periods run from the start of 
aSiJni^?'' t0 the COmpletion °£ treatment anS lisposai 

4.3.2 Long-Term Effectiveness 

The implementation of Alternative 1 would result in a larae 

sediment Jou?d as the arsenic-contamiJated 
sediment wouid not be removed from the lake or treated in 
Place. It would require some years for natural attenuation and 
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mechanisn,s in the lake to significantly reduce the 

/ho3"®"1?- in J sediment- This alternative would 
^ th®®8^" °f contaminated sediments by restricting 

cess to the lake. The long-term effectiveness of the 
alternative in minimizing human health risks would depend on its 
success in preventing access to the site. 

After implementation of either Alternatives 2A, 2B, 3A, 3B, 3C l*L ?r . the sediment ingestion risk would be reduced to below 

lake and 1x10-5 i°n thVi ln the accessible areas of the 
ia*e and 1x10 ° in the less accessible areas. These aitern#. 

niMicZ^ilh^T and lr®at those sediraents identified as a 
?h«Lth risk, except for Alternative 5 which would contain 
the contaminated sediments, thus reducing the exposure risks 
tar«Ifr'i co?tami"ate<3 sediments with concentrations above the 

i Z®"13111 in the lake, although in areas not 
th* healtb risk. If significant redistribution of 
the a®dim®^a ccccjs via natural lake dynamics, human disturbance 

the growth of vegetation, resulting in accessible areas 
Greater* .sedim®nts' the Public health risk would be 
be required. 9 ThUS additional remedial actions may 

The treated sediments from either extraction or fixation are 
n^CteV° b® delistabl® and thus could be disposed of as 

lanSfJii mat®*ial either in an off-site nonhazardous 
JlHSr an on~slt® nonhazardous landfill or deposited in the 
£®;®dlatl°" areas or on the plant site. The supernatant water 
from the dredging activities, which would be performed if the 
remediation is conducted with the lake at its full condition 

sediments*''would* extraction of the loSSStSi 
wastwSter by standard Physical-chemical 
wastewater treatment processes to remove arsenic to levels below 
Surfac^Wafer n NJPDES requirements and NIW Jersey 
tS fhS 1?I S?Y s.tandards' before the water is discharged 

arsenic contaminated sludge generated from the 
extraction process would be transported to an off-site RCRA 
treatment and disposal facility. The sludge would ultimately be 
disposed of in RCRA Subtitle C landfill. ultimately oe 

Alternatives 2A, 2B, 3A, 3B, 3C, and 3D employ treatment 
Bothn°io?ieSi at S0Jidify or extract arsenic in the sediments. 
Both technologies have been tested and are proven. All 

available f^nm®58"7 if°r .imPlementin9 these alternatives is i several vendors. The chemicals employed in the 
fiction and extraction processes are all readily available 

processes Afttr^he^im ?® pe?f?™ed t0 optimize the treatment 
processes. After the implementation of Alternatives 2A or 
program"MteDartndSf11th!?>Uld|. n0t r®?uir® a lon9-term management 
include di«snn«!ai «. * Si remedy. Alternatives 2B and 3R 

? disposal of treated sediments in an on-site landfill. 
for^HiV" management and maintenance program would be requir ^ 
for the on-site landfill facility, however, implementation , S 
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SHaSS 
on IftI J*M, hong-term monitoring of sediments remaining 

5̂»sr~C£Fau 1F̂ a"<̂ '-sssrWg 
s sSs sâ .̂ ««-
The reliability of control in Alternative 1 is low because the 
long-term effectiveness of this alternative is depeJdeJtu2£ 
re®t"ctl0n of site access. Alternatives 2A, 2B, 3A 3B 3C 
fS sLfmre4.n0t likely to fail because the arsenic is fi«d 
^b . sediments or extracted. Any remaining arsenic is assessed 
Alternative 3 publ^c. health standpoint. The reliability of 

have not been identified8In — 

Lak"naVlVternatreesd J? 2BT™ iT'c '"J"'?? 

^aUd?SnhUmaS heal-h risks 'la the "Uinient ingestion"pathway 
As discussed previously, the source of arsenic into the lake 

theovecall 

action S ^ "* «« 

4-3-3 Reduction of Toxicity. Mohiiify or vni,,n,e 

Alternative 1 does not reduce the toxicity or volume of fha 

Alternatives 2jF"!ti' 1A IR5®^ "e reraoved £rom Union Lake, 
mobility and the' ™J„nL l,' and 3D. permanently reduce the 
aiZ-I- I- volume of contaminants in the lake 
the lakeV6SbVt not 2l redy,ce the. toxicity of the sediments ik 
toxic fv nf fhm Overall. Fixation does not change the 
within^ tinh<-T? JrS^niC' 'be contaminant becomes immobilized 

r e d u c e  K d i m l a ^ ^ S o ^ ?  

conL-Udaiid "W e^e'53^ 

s £a€eLS 
aSditives ec Altern«ivela5ation *r°«s V®<,Ulres largl flumes of 

expef?teV™cTreduce"tĥ mobil̂ y®"®' wouTdTI 

uncontrolled environment. I'/X sedime'nVs iTlTb'e® deU.tS * 
O 
o 
to 
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ie?r.as .n°n-ID 27 waste prior to implementation of the 
virv inw1Ve'n "^ent mobility of the contaminants would be 
very low. Overall, Alternatives 2A, 2B, 3A, 3B, 3C and 3D 

»na. essentially irreversible remedies to? 
treatment of the contaminated sediments. 

4.3.4 Implementahi 1j fy 

lurh °* Alter.native 1 consists of simple tasks, 
/"w9' insP®ctlon of the lake and posting warning 

signs. These tasks present no implementation difficulties. The 
implementation of either Alternative 2A, 2B, 3A, 3B, 3C, or 3D 

.m.USe °f standard equipment that is commercially 
whei»« ; i?5e ls.no technology involved in Alternative 1, 
whereas in Alternatives 2A, 2B, 3A, 3B, 3C, and 3D the 
technologies are well developed and proven. 

If the remediation is conducted when the lake is at its full 
condition, hydraulic dredging would be utilized to remove the 
contaminated sediment. Dredging of sediments in shallow waters 
13 ,1 KPr0Ven • technology. On-site sediment and water testing 
would be required to monitor the Mud Cat's effectiveness. 

If the remediation is conducted when the lake is at drawdown drv 
trhniques would be utilized. Excavation Ta ^ well 

developed and proven means of removal. Excavation would provide 
sediment contro1 t0 ensure that all contaminated 
?pmiv!3 33 3 P°tential Public health risk would be 
through public wirty""" °' remedi3ti°n WOuld be -cessible 

The implementation of Alternative 5 requires standard 
construction equipment and fill material. Tech^loJv 
sediment3in°sha now palaCin9 a layer, ot "na over contaminated seaiment in shallow water are minimal. 

After the implementation of Alternatives 1 and 5, if additional 
anticinafc«iCtl0nhi " n®cessary ifc can be implemented with no 
anticipated problem. In Alternatives 2A, 2B, 3A, and 3B it is 
!!SJH<-3utacipsted that there would be a need for future or 

" remedial actions. in the event that additional 
action is required, there would be no technical difficulties to 

implementing the tank. However, a good deal of 
siJrf Iho would have to be done if Alternative 3C failed, 

sediment would have to be recovered from th4 
remediation areas of Union Lake. It would be very difficult to 
we?e dltectedeffeiftiI??e3S J*"3 recover th® sediments if failure 
were detected. If Alternative 3D failed, the sediment could be 
exnerfert without great difficulty. Landfill failure is not 
expected, but is more controllable than lake deposition. 
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With the application of Alternative l, there is a need for 
surveillance in order to attain effective access restriction 
Regular public awareness meetings would be required to increase 
the effectiveness of this alternative. With the application of 
either Alternatives 2A, 2B, 3A, 3B, 3C, 3D or 5, iong>te?m 

maintenance activities would include periodic site 
llSSf}??' P?H!rmin2- flve~year reviews, and monitoring on-site 
landfills (Alternatives 2B and 3B) or deposition areas 
(Alternative 3C and 3D). The processes are reliable and would 
meet the designated efficiencies and performance goals. 

No permits are required for the implementation of Alternative 
LrJt r t l V B S  2*' 2B' 3A' 3B' 3C' 3D' and 5 »®y require llmt 

H' carrying through all the alternatives, coordination 
would be required with other agencies to obtain all necessarv 
agreements, particularly for Alternatives 2B, 3B, 3C, and 3D 

faiilitvnV°orVetho0nf\rUC^in9 •!" on-site nonhazardous landfill 
t reatedmaterials. leposation or plant site deposition of 

Treatment capacity and disposal service requirements are nnf 
required in Alternatives 1 and 5. TreatJnt U^iiy, storwe 
capacity and disposal services are all adequately available for 
offes??e1V?aSn,4^ i 2\ 3A' 3B' 3C' and 3D- nonhazardous 
off-site landfills have the capacity to handle the treated 

• IK® unhazardous on-site landfill would be designed 
to contain the total amount of the treated sediments The 

Ilon .of. sediment involved in Alternative 3C should not 
Lake 71*^ ^"lly disrupt the ecosystem of Union 
environment*! deposition would not adversely impact the 

IJo ^ilabi-itJ necessary special equipment and personnel 
are not required for Alternatives 1 and 5. Standard equipment 
and operations utilized in Alternatives 2A, 2B, 3A, 3B, 3C and 
3D are commercially available. 

B®?Ch"S"la t®8*5 hav® Proven that fixation (Alternatives 2A and 
2B) and two-stage extraction (Alternatives 3A, 3B, and 3C) are 
However6 pilot .''V""? ftbe —ic-contaminated sedfsint" 
However, pilot-scale tests are required to provide relevant 
design criteria for the remedial design. Pilot-scale tests will 
tlstfna°is ref -th®se alternatives are selected. Since further 
enaction t^?mre?' 9eneral comparisons between fixation and 
c r i t e r i a  • £ ? . p r ° c ® 8 8 ® 8  " ? n o t  b e  m a d e  o n  i m p l e m e n t a b i l i t y  
criteria. The off-site landfill disposal would be preferred 
si?e ' landfill disposal. Lake deposition and pUn? 
for its tlobiiLl J,..® PrTelert® administratively to landfilling 
tor its technical ease. Lake deposition of the treated sediments 
areas. m ® th* need f°r Clean fiU in the dredged/excavated 
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4.3.5 Cost 

Tables 4-5 and 4-6 present a summary of costs developed for each 
alternatives considering the lake to be at its full 

fn? ii°n the remediation and the lake to be at draw down 
the remediation, respectively. Figure 4-7 presents a 

C°̂ ari?°? °f tb® C0sts' The total Present worth cost 
n*r4^i 5' t*. K-1S estimated at $874,000 based on a 30-year 

«? discount rate after inflation. This includes 
capital costs, annual operation and maintenance costs and six 
five-year reviews. 

IS6 J£tal frfsent w?rth costs for Alternatives 2A, 2B, 3A, 3B, 
lake at r«ai»tion to be conducted with the 
lake at its full condition ranged from a low of $3,369,000 for 
Alternative 5 to a high of $71,247,000 for Alternative 2A. 

J5e Jntal l,rfsent w?fth. costs for Alternatives 2A, 2B, 3A, 3B, 
»4.an2 considering remediation to be conducted with the 

lake at draw down ranged from a low of $2,400,000 for 
Alternative 5 to a high of $68,840,000 for Alternative 2A. 

am™ A1?*."1® P̂ esent„ w°rth analysis, there are slight differences 
a?e 9m̂ erhoaiT 2J' 2B„' 3A' 3B' 3C' and 3D' The differences 
are most heavily dependent upon chemical costs, in which 
fixation outweighs extraction, and landfilling location options, 
which indicate that on-site is preferable to off-site. Lake 
deposition and plant site deposition, the disposal options for 
?!nflf"irVe 3C and 3D, respectively, are less costly than both 
landfilling options. Alternative 5, In Situ Sand Covering, does 
?hi«l?hiU^e 3?y ch®7lca1' disposal, or treatment costs, and is 
thus the least costly of all the remedial action alternatives 
thaS0ULsJ0nS^??rin94.-implementability and other factors other 
than cost, Alternative 3C, extraction with lake deposition, 
would appear to be the most economical alternative. 

The sensitivity analyses performed for all of the alternatives 
different rf^th ®ff®ct . of conducting the remediation under 
different depths of water, effectively varying the volume of 
contaminated sediment to be remediated. Remediating sediments 
under a water depth of 5 feet and 10 feet was evaluated AU of 
of%29% to +i^ar%nfediatth10n dem.onstrafced variations within a range 
of +29% to +178% for the varying water depths. 

4.3.6 Compliance with abap* 

Action-specific ARARs for Alternative 1 apply to the posting of 
warning signs and the site-monitoring activities. Requirements 
whirh aeiS+® ac^viti.es include OSHA Health and Safety Standards, 
which Alternative 1 would meet. ' 
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TABLE 4-5 

SUMMARY OF COST ANALYSIS (1989 DOLLARS) 
(DREDGING CASE) 

CAPITAL COST ANNU AL O&M 

ALT 

1 

DIRECT 

$35,000 

INDIRECT 

$9,450 

TOTAL 

$44,450 

LONG TERM 

$49,455 

SHORT TERM 
PRESENT 
WORTH 

$874,245 

2A $27,237,097 $7,354,016 $34,591,114 $13,020 $20,562,475 $71,246,971 

2B $10,820,246 $2,921,466 $13,741,713 $89,530 $20,562,475 $51,413,566 

3A $20,268,107 $5,472,389 $25,740,496 $13,020 $1,832,012 $29,227,193 

3B $12,611,824 $3,405,192 $16,017,016 $60,398 $1,832,012 $20,132,854 

3C $8,870,451 $2,395,022 $11,265,473 $13,020 $1,832,012 $14,752,170 

3D $11,610,914 $3,134,947 $14,745,861 $13,020 $1,832,012 $18,232,558 

5 $2,476,276 $668,594 $3,144,870 $13,020 $3,368,883 
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TABLE 4-6 

SUMMARY OF COST ANALYSIS (1989 DOLLARS) 
(EXCAVATION CASE) 

ANNU AL O&M 
ALT 

2A 

DIRECT 

$25,446,160 

INDIRECT 

$6,870,463 

TOTAL 

$32,316,623 

LONG TERM 

$13,020 

SHORT TERM 

$20,487,428 

PRESENT 
WORTH 

$68,839,581 

2B $9,029,350 $2,437,925 $11,467,275 $89,530 $20,487,428 $49,006,227 

3A $18,876,051 $5,096,534 $23,972,585 $13,020 $1,808,043 $27,416,835 

3B $11,219,788 $3,029,343 $14,249,130 $60,397 $1,808,043 $18,322,520 

3C $7,478,424 $2,019,174 $9,497,598 $13,020 $1,808,043 $12,941,849 

3D $10,218,882 $2,759,098 $12,977,980 $13,020 $1,808,043 $16,422,231 

5 $1,713,651 $462,686 $2,176,336 $13,020 $2,400,349 
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ALTERNATIVE 30 
EXTRACTION/ 

PLANT SITE DEPOSITION 

ALTERNATIVE 5 
IN SITU SAND COVER 

COST ASSOCIATED WITH DREDGING ACTIVITIES 

COST ASSOCIATED WITH EXCAVATION ACTIVITIES 

' NOTE: VOLUMES OF SEDIMENT BASED UPON QUANTITIES IN BOTH ACCESSIBLE 
AND INACCESSIBLE AREAS WHEN THE LAKE IS AT ITS FULL CONDITION 

£9*0 ZOO NIA 

U.S. ENVIRONMENTAL PROTECTION 
AGENCY 

VINELAND CHEMICAL COMPANY SITE 

FIGURE 4-7 
COMPARISON OF BASE CASE COSTS ASSOCIATED 

WITH BOTH LAKE REMEDIATION SCENARIOS 



Hydraulic dredging activities in the lacustrine areas would 
require appropriate preventive measures to minimize resuspension 
erosion and dissolved osygen depletion in orS« to comply 
10 CThelru« w» . federal Rivers and Harbors Act Section 
«« Clean Water Act Section 404 requires that no activitv 

affecting a wetland shall be permitted if a 
alternative with less impact on the wetland is available SJv 
excavation when the lake is at drawdown would have less inma2-
and would therefore be favored relative to this ARAR ProvanF* 

with" the ARARI n 1 "aI^ r n a t i ve s lA^B ̂C^n'd V™*" 

thrVwetUndaminlfUrf\°he thS V^t®' "ith 'mini'mal disturbance^to 

original ^T t-l t-e ?™e"«o«ia ̂  re^'^'tbl?? 
original conditions with minimal impact on them. 

Iinr̂ nrS-'a4-FiSh 3nd wildLife Coordination Act requires that the 
appropriate agency exercising jurisdiction over wildlife 
r e s o u r c e s ,  a n d  t h e  U . S .  F i s h  a n d  W i l d l i f e  S e r v i c e  m i s t 2  
consulted before undertaking any action that modifies'a body of 
water. Special attention must be given to the imnari- ™ 
wetlands and floodplains (lake shore) in accordancewi?E 

nadoes88„ct rood\^y * a w^tV^Yn* 

expected to^ompl^w'Hh this r^UaM i£ie^ * 

alternatives would have to comply with RCRA FAN' HF» 
standards and OSHA Industry standards aSd regulatioS^concemiM 
hazardous wastes. RCRA 40 CFR 261 and 262 a« applicable ?o 
activities including dredging hazardous sediments transferrinn 

m̂ eri.Tŝ hr'ouah0. V"e"ment and RELÔ ing^arardoul 
materials through a fixation process (Alternatives 2A and 3r\ «v 
and 3D?ta9eAiTater1--eXtra1Cti0n process (Alternatives 3A, 3B, 3C 

t Aiternatiy® l would not be subject to these ARARS 

contaminated^edimen^s .tiVS -n^in^ 

fa^litiLSs fc?e Placement . °f wastes into land disposal 
flxated and extracted wastes are expected to be 

^s be 

SrsS t̂ 
theseCalternatives ,sediment5' arTJot ̂ pUcTbYe tl 

i^dr edging" is"'"a"""*™ 2and *30 

permit^would net T' permit -quirents'. ̂  "JPDES 
permit would not be required for on-site discharap hut- t-ho i 
permit conditions regarding arsenic concentration (0.05 mg/1) 1 
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would be met. The treated effluent would also meet the New 
"?nrnfy Water Quality Standards in terms of arsenic 
ioiids nH *0tnn\r conv®ntional parameters (such as suspended 
solids, pH and DO). Alternatives 2A, 2B, if dredaina is 
implemented, and Alternatives 3A, 3B, 3C, and 3D would treat the 
dredged supernatant/extractant for suspended solids and arsenic 
IX T""d a^«£»r.rU then be ««*«••« back to the 
ftcrDk -f disposal of the supernatant would comply with the 
CFR 2BO^bv rMfft ̂•°r °f dred9*d or fill materia? <40 
hfnioofLi • f - tin9 5nd. maintainin9 the chemical, physical and 
Water Act (CWA^Section 4(?lJ*.*' Mater " a«°rda"« with the Clean 

III *Jeat?d sediraents would meet delisting requirements and be 
nonhayard nonhazardous. DOT regulations for transporting 
nonhazardous solid wastes would pertain to all of the treatment 
MteihP Jer T?les for transP°rting hazardous waste would 
not be applicable to Alternatives 2A and 2B. However the 
extraction alternatives, Alternative 3A, 3B, 3C, and 3D produce 

RCRA flcilittn J51"?9® that would be transported to a 
RCRA facility for treatment and disposal. Transoort of t-h*» 
sludges would be in accordance with PDOT rules For all tSe 
a ?rnatives involving off-site disposal the Clean Air Ar*t- and 

Ambient Air Quality Standards would be applicable in 
i.r?U ?? particulate air emission arising from handling and 
transporting the stabilized materials. Adequate dust-suppression 
measures would be provided for any potential fugitive dust 
2B1SaSndnS3B may n0t apply to Alternatives 
i , treated soils are disposed of at an on-site 
landfill. Alternatives 1 and 5 do not involve anv treatment nr 
transportation; therefore these ARARs would not apply. 

cnK̂ ?eW4- Jers®y Soli<3 Waste Regulation (NJAC 7:26), particularlv 
Subchapter 2A - Additional Specific Disposal Regulation for 
Sanitary Landfills (May 5, 1986), would he considered 
n??a?JJ9 JJ*f? nonhazardous wastes for both on-site and 
off-site landfills under Alternatives 2A, 2B and 3A or 3B. 

At the start of remedial design for any of the alternatives a 
Stage IA Survey, consisting of a comprehensive literature 
"««;atTon Act® conduoted according to the national Historic 

4-3-7 Overall Protection of Hiimnn Health and the 1 

iit?fnatlv? 1- would entail no removal, containment or treatment 
of the contamination source. It would not contribute to thl nil 
taction of human health and the enyiro^nt si»«^ therew™?d 
not be any reduction in the toxicity, mobility or volume o-
contaminants. Some years would be required for natural attenu-

bl?lw the1'8 sediment arsenic contamination in the lake t < below the more stringent cleanup criterion of 20 ma/ka Thi M 

alternative is not considered responsive ?S the remedial' obie 3 

alternativesPr0V * "b"e £or "mparls^amo'ng °o^ 0 o 
to 
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a1nTI??»̂ JfLUe2B^ 3A- \B• .3C- ind 3D ia™lv* actual removal 
.tr®atm®I?t of the contaminated sediments identified as a 

2B iid ShliiMi I6!' (̂ einî al fixation for Alternatives 2A and 
e c*®mical "traction for Alternatives 3A, 3B, 3C, and 3D) 

to affect permanent immobilization or extraction of arsenic 
andPassuminaT?hft altern?tives .rem?v® th® contaminated source, 
and assuming that there is no significant redistribution of the 
remaining contaminated sediments and that the contaminated 

*h® lake from *he ViChem sTte is 
be achieved proJ?ctJ?n of human health and the environment would 
be achieved. Fixation and extraction processes would prevent 
future ™l«s« of arsenic into the environment. Alter^Mves 

, ? would contain treated sediments in a 
nonhazardous landfill, minimizing the chances of further 
deposit®i-he* i-th6«- *Tonta,1?inanfs• Alternative 3C and 3D would 
the nian^ txeat®d sediments in portions of Union Lake and on 
Dn«e a • l V resP®ct:wly- These clean sediments would not 

publxc health. Treated sediments can be 
classified as nonhazardous and pose little or no risk to 
groundwater or surface water quality. The removal nf 
contaminated sediments in Alternatives 2A, 2B 3A 3B 3C and 
hoalWt0hUlH.akttai,n th? Cleanu' "iterion in'area's po'si"' a p'ubUc 
health risk and reduce the sediment ingestion cancer risk level 
tSe'^ke anlSi^-S °f *Xl°;6 in the more accessible areas of 
the lake and 1x10 5 in the less accessible areas. Alternative 
5 would sufficiently isolate the sediments and also reduce the 
cancer risk level via sediment ingestion to the tar^lt level 
for1fh»SS«Uin *at, shortly after th® implementation of measures 

the successful management of groundwater migration at the 
ViChem facility, and completion of remedial activities in the 
river ana lake areas, the lake risks would be sharely reduced. 

Any remaining contaminated sediments in the lake are not 
hIalthe£isk.aCCeSSlble and therefor® ar® not deemed as a public 

State Acceptance 

™lVs? namely8;868 several ma3°r comments that the State had to 
° JS2Sidtration J*£. the rem®diation to be conducted when 

V? dra£6d 1S 3 ^tS fUl1 condition and when the lake is 
at draw down; and 

° ̂ fmidiS?31 i*Samp]li.n9 prior t0 the initiation of the 
remedial alternative to confirm the location of those 
sediments to be treated. tnose 

In addition, each specific comment raised by the NJDEP to the FS 
has been responded to by the USEPA in a letter to theNJDEP 

0703K 
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Community Acc^pt-ancw 

No public comments have been received to date. 

4.4 SUMMARY OF DETAILED ANALYSIS 

Table 4-7 summarizes the alternative analysis discussed in the 
previous sections. A brief description of the key points in 
each of the nine evaluation criteria is presented. 

« t 0 .  _ t h e  P r ® v i o u s  d i s c u s s i o n s ,  s e v e r a l  o t h e r  f a c t o r s  
n £ ? « n 1  * d  r h e n  selectin3 a remedial alternative for 
Union Lake. These factors are listed below: 

o The source of arsenic into Union Lake is the groundwater 
discharge from the ViChem plant. The data suggests 
that eliminating this source should improve the 
downstream surface water quality. Therefore this 
source should be eliminated before any downstream 
remedial actions are taken. 

o The Maurice River contains substantial quantities of 
arsenic in the sediments, which may need to be 
rom^,-^ed* W0U-ld be Prudent to initiate sediment 
remedial actions in the rivers before remediating 
sediments in Union Lake. Contaminated river sediments 
may migrate downstream into Union Lake. 

o Extraction and fixation were seen as feasible remedial 
technologies for the soils on the ViChem site. They may 
also be feasible for the contaminated sediments in the 
Maurice River. Therefore, it may be more cost-effective 
to combine remedial actions in the various areas so 
that only one treatment system, for example, landfill, 
is constructed to remediate a given problem. 
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TABLE 4-7 

SUMMARY OF ALTEBNATIVF AMfll Yfifff 

Kev Conroonpnlc 

Alternative 1 

L[anting access to 
site, public education 
programs, Site-use 
restrictions, Long-term 
monitoring. 

Short-Term Effectiveness 

-Protection of 
community during 
remedial actions 

-Time until remedi
ation 

No short-term 
threats to 
communities. 

-Protection of workers 
during remediation 

-Environmental Impacts 

Personnel protection 
equipment required 
against dermal contact 
and inhalation during 
sign posting, sample 
collection, inspection. 

No significant adverse 
environmental impacts 
from site activities. 

Some years. 

Alternative 2A-Removal/ 
Fixation/Off-Site 

Hydraulic dredging or excavat-
tion, sediment fixation, Waste 
water treatment, off-site 
nonhazardous landfill, long-
term monitoring. 

Potential for direct contact 
of spilled waste and inhala
tion of fugitive dust. 

Minimal risk to workers. 
Personnel protection equipment 
required against direct 
contact with wastes and 
inhalation of fugitive dust 

Increased traffic, noise, and 
air pollution. 

Hydraulic dredging may result 
in localized resuspension of 
sediments. Migration of sus
pended particulates could be 
controlled by increasing the 
water Intake of the dredge 
and utilizing silt curtains. 

Excavation of the exposed 
sediments would pose minimal 
impacts. 

Estimated to be 3 years from 
start of construction to 
completion of remediation work. 

Alternative 2B-Removal/ 
Fixation/On-Site 

Hydraulic dredging or excavation, 
sediment fixation, wastewater 
treatment, on-site nonhazardous 
landfill, long-term monitoring. 

Same as Alternative 2A 

Same as Alternative 2A 

Minimal Increase in traffic, 
noise and air pollution. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Alternative 3A-Removal/ 
Extraction/Sediments to 
Off-Site Nonhazardous 
Landfill/Off-Site Hazardous 

nsal 

Hydraulic dredging, sediment 
extraction, wastewater treatment, 
sediments to off-site nonhazar
dous landfill, off-site hazardous 
sludge disposal, long-term moni
toring. 

Potential for direct contact 
of spilled waste and inhala
tion of fugitive dust. 

Minimal risk to workers. 
Personnel protection equipment 
required to protect against di
rect contact with wastes and in
halation of fugitive dust. 

Increased traffic, noise, and 
air pollution. 

Hydraulic dredging may result in 
localized resuspension of sedi
ments. Migration of suspended 
particulates could be controlled 
by increasing the water intake of 
the dredge and utilizing silt 
curtains. 

Excavation of the exposed sedi
ment would pose minimal environ
mental impacts. 

Estimated to be 3 years from 
start of construction to comple
tion of remediation work. 
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Assessment Fartnrs 

Kev Components 

TABLE 4-7 (Cont'd) 

SUMMARY OF Al TFRNATTW *Mftf YSH 

Alternative 3B-Removal/ 
Extraction/Sediment to 
On-Site Nonhazardous 
Landfill/Off-Site Hazar-
dQUS Sludoe Disposal 

Alternative 3C-Removal/ 
Extraction/Lake Deposi
tion of Sediments/Off-
Site Hazardous Sludge 
Disposal 

I 
en 

Hydraulic dredging, sediment 
extraction, wastewater treat
ment, sediments to nonhazard
ous landfill, off-site 
hazardous sludge disposal, 
long-term monitoring. 

Short-Term Effectiveness 

-Protection of 
community during reme
dial actions 

-Protection of workers 
during remediation 

Same as Alternative 3A. 

Same as Alternative 3A. 

Hydraulic dredging, sediment 
extraction, wastewater treat
ment, lake deposition of 
sediments, off-site hazardous 
sludge disposal, long-term 
monitoring. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Alternative 3D-
Removal/Extracti on/ 
Plant Site Deposition of 
Sediments/Off-Si te 
Hazardous Sludge Disposal 

Alternative 5-In Situ 
Sand Covering 

Hydraulic dredging or excava
tion, extraction, wastewater 
treatment, plant site deposi
tion of sediments, off-site 
hazardous sludge disposal, long-
term monitoring. 

In-situ sand covering, long-term 
monitoring. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

-Envi ronmental 
Impacts 

Minimal increase in traffic 
noise and air pollution. 

Same as Alternative 3A. 

Same as Alternative 3B. 
Temporary adverse Impacts such 
as resuspension of sediments may 
occur as a result of dredging 
and/or redeposition of treated 
material, migration of sus
pended particulates could be 
controlled by increasing the 
water intake of the dredge 
and utilizing silt curtains. 

Same as Alternative 3A. If remediation is conducted 
when the lake is at its full 
condition discharge of the 
sand covering could result in 
temporary adverse impacts such 
as resuspension of sediment. 

Same as Alternative 3A. Same as Alternative 3A. Same as Alternative 3A. 

-Time until remediation Same as Alternative 3A. Same as Alternative 3A. Same as Alternative 3A. Estimated to be 1 year from start 
of remediation to finish. 
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TABLE 4-7 (Cont'd) 

SUMMARY OF ALTERNATIVE AMfli vsT5 

Assessment Factors Alternative ] Alternative 7A 
Long-Term Effect ivepp<jS 

-Magnitude of Residual Long-term evaluation 
Rls*s required for natural 

degradation and transport 
. reduction. 

-Adequacy of Control 

-Reliability of 
Controls 

Depends on success in 
preventing access to 
the site. 

Migration of contaminants 
from sediments to water could 
occur. 

Reduction of Tovirity 
Mobility or Volume 

-Treatment Process 
and Remedy 

-Amount of Hazardous 
Materials Remaining 

No reduction of toxicity, 
mobility or volume. 

No material removed or 
treated. 

Alternative ?B 

Sediments identified as a 
public health risk would be 
removed and treated. Redis
tribution of contaminated 
sediments could result in a 
public health risk. Treated 
sediments deli stable as 
non hazardous waste. Super
natant water treated to 
NJPDES. 

Proven technologies. 
Long term monitoring program 
required for remaining 
sediment. 

Excavation of the exposed 
sediments when the lake is 
at drawdown would offer more 
control of operations than 
dredging. 

If significant redistribution 
of sediments, additional 
remedial actions may be 
required. 

Reduction in mobility of 
treated sediment and slight 
reduction in volume of on-site 
sediments. Increase in volume 
and weight of treated sediments. 
No reduction in toxicity. 

Sediments identified as a pub
lic health risk are removed 
and treated to be deli stable. 
Remaining sediments are not 
considered accessible for 
sediment ingestion pathway. 

Same as Alternative 2A. 
On-site landfill maintenance 
and monitoring required. 

Same as Alternative 2A. 
Long-term maintenance 
required for on-site 
landfill facility. 

Same as Alternative 2A. 

Same as Alternative 2A. Minimal 
failure of on-site landfill 
facility. 

Same as Alternative 2A. 

A1 ternaHvB ̂  

Same as Alternative 2A. 

£00 

Sediment identified as a public 
health risk would be removed and 
treated. Redistribution of con
taminated sediments could result 
in a public health risk. Treated 
sediments deli stable as nonhazar-
dous waste. Supernatant water 
treated to NJPDES. 

Proven Technology. Long-term 
monitoring program required for 
remaining sediments. 

Excavation of exposed sediments 
when the lake is at drawdown 
would offer more control of 
operations than dredging. 

If significant redistribution of 
sediments occurs, additional re
medial actions may be required. 

Permanent reduction in toxicity 
of treated sediments. Slight 
reduction in volume and mobility 
of on-site contaminants. 

Sediments identified as a public 
health risk are removed and 
treated to be delistable. Re
maining sediments are not consi
dered accessible for sediment in
gestion pathway. Significant 
quantity of arsenic contaminated 
sludge generated from extraction 
process. 

nia 



TABLE 4-7 (Cont'd) 

SUMMARY OF ALTERNATIVF AMAI 

Assessment Factors Alternative M Alternative 3f 
Long Term-Effectivene^s 

-Magnitude of Residual Same as Alternative 3A. Long- Same as Alternative 3A. 
term maintenance and monitoring Sediment arsenic concentra-
required for on-site landfill. tion would be reduced to 

below 20 mg/kg. 

-Adequacy of Control Same as Alternative 3A. Same as Alternative 3A. 
Long-term maintenance required 
for on-site landfill facility. 

-Reliability of 
Controls Same as Alternative 3A. Same as Alternative 3A. 

Alternative 3D 

Same as Alternative 3C. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Alternative 5 

Contaminated sediments above action 
level would remain on-site. Sedi
ment redistribution to top of sand 
cover could result in a public 
health risk. 

Long-term maintenance of sand 
cover would be required. Addi
tional cover or regrading of cover 
may be necessary. Long-term moni
toring required for remaining 
sediments. 

N/A 

vo-

Reduction in Tovicity. 
Mobility or Volume 

-Treatment Process 
and Remedy 

-Amount of Hazardous 
Material Remaining 

Same as Alternative 3A. 
Minimal risk of failure of 
on-site landfill facility. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 
Minimal potential of 
leachate from delisted 
sediments deposited in lake. 

Same as Alternative 3A. 
Reduction in toxicity and 
mobility of sediments. 

Same as Alternative 3A. 

Same as Alternative 3A. 
Minimal potential of 
leachate from delisted 
sediments deposited on the 
plant site. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Reliability of sand cover to pre
vent Ingestion of sediments 
unknown. Significant lung-term 
maintenance of cover required to 
prevent exposure of sediments. 

No reduction in toxicity or volume 
of waste. Arsenic mobility would 
be reduced. Contaminated sediments 
left uncovered may redistribute to 
areas of potential public risk. 

All material remaining in place. 
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Assessment- ftn;frffn Alternative j 

of T"v*fity. 
Mobility, or Volume (Coot') 

-Irreversibility of N/A 
Treatment 

-Type and Quantity of 
Residual Haste 

N/A 

ImolementahiHty 

O Technical Feasibility 

- Ability to Construct No difficulty. 
Technology 

•b 
l u> 
oo 

- Reliability of 
Technology 

No technology. 

- Ease of Undertaking 
Additional 
Remediation, 
If Necessary 

Monitoring 
Considerations 

Long-term monitoring 
required. Monitoring 
analysis techniques 
available. 

TABLE 4-7 (Cont'd) 

SUMMARY OF ALTFRMATTW v«jT<? 

Alternative S>ft 

Treatment is essentially 
irreversible. 

Treated waste expected to 
be deli stable. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Standard equipment. 
Commercially available. 

Hell developed and proven 
technology. 
Pilot scale studies required 
to optimize treatment. Excava
tion of exposed sediment 
would be more reliable than 
hydraulic dredging due to an 
increase in operational control. 

Hould be relatively simple 
to undertake additional reme
diation. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Long-term monitoring required. 

Monitoring would be required 
throughout the remediation 
to ensure the removal of the 
sediments identified as a 
potential public health risk. 

Alternative ̂  

Long-term monitoring for 
on-site landfill and remaining 
sediment required. Monitoring 
analysis techniques available. 

Same as Alternative 2A. 

Treatment is essentially irrever
sible. 

Treated waste expected to be de-
listable. Arsenic sludge gener
ated from extraction process 
highly contaminated. 

Standard equipment commercially 
available. 

Hell developed and proven tech
nology. Pilot scale studies 
required to optimize treatment. 

Excavation or exposed sediment 
would be more reliable than 
hydraulic dredging due to an in
crease in operational control. 

Additional future remedial actions 
may be required. 

Long-term monitoring required. 

Monitoring would be required 
throughout the remediation to en
sure the removal of the sediments 
identified as a potential public 
health risk. 

0703K 
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TABLE 4-7 (Cont'd) 

SUMMARY OF Al TERNAttvf AMAIVCT^ 

Reduction of Toxin ty 
Mobility. or VOIUIBP (Cont') 

-Irreversibility of 
The Treatment 

Same as Alternative 3A. 

-Type and Quantity of Same as Alternative 3A. 
Residual Waste 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

No treatment. 

No treatment. 

Imolementabi11ty 

o Technical Feasibility 

-Ability to Construct Same as Alternative 3A. 

I to -Reliability of 
vo Technology 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 
Reliability of lake depo
sition of delisted sedi
ments is high. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 
Reliability of plant site 
deposition is high. 

Same as Alternative 3A. 

Standard equipment and material. 

Reliability of effectiveness of 
sand cover is unknown. Expected 
to be fairly good. 

Same as Alternative 3A. 

-Ease of Undertaking 
Additional Remedia
tion, If Necessary 

-Moni toring 
Considerations 

Same as Alternative 3A. Same as Alternative 3A. 

Same as Alternative 3A. Same as Alternative 3A. 
Long-term monitoring for on-
site landfill required. 
Monitoring analysis techni
ques available. 

Same as Alternative 3A. Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 
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Assessment Factors Alternative ) 

O Administrative F»a«ihi^tv 

Permits not required. -Abi1i ty to Obtai n 
Approvals 

-Coordination with 
Other Agencies 

Coordination required. 

-Availability of Services 
and Materials 

-Availability of 
Treatment Capacity 
and Disposal Services 

I t—1 

o-Availability of 
Necessary Equipment 
and Specialists 

-Availability of 
Prospective 
Technologies 

Not required. 

Not required. 

Not required. 

Cost 

Lake At its Ft.ii fgmHtinn 

o Total Capital Cost $ 44,450 

o Annual Operation and $ 49,455 
Maintenance Cost 

o Present Worth $874,245 

lake At Drawdown Condition 

o Total Capital Cost Same as Above 

o Annual Ooeration and Same as Above 

ZLP0 300 NIA 
me as Above 

TABLE 4-7 (Cont'd) 

SUHMARY OF Al.TERNATIVF amai wjT<; 

Alternative 74 Alternative ?B Alternative 3A 

Delisting approval required 
from NJDEP. 

Coordination required. 

Treatment capacity and storage 
capacity are all adequately 
available. Off-site landfill 
requires administrative 
acquisition. 

Standard equipment and 
operations. No specialists 
required. 

Prospective technologies are 
available. Technologies are 
proven in Bench-Scale Tests. 
Pilot studies would be 
required to optimize process. 

$ 34,591.000 

$ 13,000 Long-term 
$ 20,562,000 Short-term 

$ 71,247,000 

$ 32,317,000 

$ 13,000 Long-term 
$ 20,487,000 Short-term 

$ 68,840,000 

Delisting approval required 
from USEPA Region II. As the 
site is a CERCLA site, per
mits for on-site landfill 
are not required. 

Intensive coordination required 
for on-site landfill facility. 

Same as Alternative 2A. On-site 
landfill provides higher availa
bility for disposal. 

Same as Alternative 2A. 

Same as Alternative 2A. 

$13,742,000 

$ 90,000 Long-term 
$20,562,000 Short-term 

$51,414,000 

$11,467,000 

$ 90,000 Long-term 
$20,487,000 Short-Term 

$49,006,000 

Delisting approval required from 
NJDEP 

Coordination required for identi
fication of off-site nonhazardous 
landfill and off-site hazardous 
treatment and disposal facility. 

Treatment capacity and storage 
are all adequately available. 
Off-site nonhazardous landfill 
requires administrative acquisi
tion. 

Standard equipment and opera
tions. No specialties required. 

Prospective technologies are 
available. Technologies are pro
ven in Bench-Scale Studies. Pi
lot-Scale studies required to op
timize process. 

$ 25.740,000 

,000 
,000 Short-Term 

$ 29,227.000 

$ 13,000 Long-Term 
$ 1,832,0 

$ 23,973,000 

$ 13,000 Long-Term 
$ 1,808,000 Short-Term 

$ 27.417.000 



TABLE 4-7 (Cont'd) 

SUMMARY OF ALTERNATTVF AMfll 

Assessment Factor* Alternative 3B Alternative 3F 
0 Administrative Feasibility 

Alternative 3n 

-Ability to obtain 
Approvals 

-Coordination with 
Other Agencies 

Same as Alternative 3A. 
Approval for lake deposition 
may be difficult to obtain. 

Oelisting approval required 
from USEPA Region II. As the 
site is a CERCLA site, per
mits for landfill are not 
required. 

Intensive coordination required Intensive coordination 
'^dfill facility required for approval of lake 

-Availability of Services 
and Material5 

and identification of off-site 
hazardous treatment and dis
posal facility. 

4* 
I 

-Avai1abi1i ty of 
Treatment Capacity 
and Disposal Services 

—Availability of 
Necessary Equipment 
and Specialists 

-Availability of 
Prospective 
Technologies 

Same as Alternative 3A. On-
site nonhazardous landfill 
provides higher availability 
or disposal. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Same as Alternative 3A. 
Approval for plant site depo
sition may be difficult to obtain. 

Should not pose a problem. 

deposition and identification 
of hazardous treatment and 
disposal facility. 

Treatment capacity, storage 
capacity and disposal capacity 
are all adequately available. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Coordination required for 
approval of plant site depo
sition and identification of 
off-site hazardous treatment 
and disposal facility. 

Same as Alternative 3C. 

Same as Alternative 3A. 

Same as Alternative 3A. 

Coordination required. 

No treatment or disposal. 

Same as Alternative 3A. 

Not required. 

Costs 
Lake At Its Full C«»wHH«n 

o Total Capital Cost $16,017,000 

o Annual Operation & 
Maintenance Cost 

$ 60,000 Long-term 
$ 1,832,000 Short-term 

o Present Worth $20,133,000 

Lake At Drawdown Condition 

o Total Capital Cost $14,249,000 

*^0 300 NIA 
$ 60,000 Long-term 
$ 1,808,000 Short-term 

$18,323,000 

$11,265,000 

$ 13,000 Long-term 
$ 1,832,000 Short-term 

$14,752,000 

$ 9.498,000 

$ 13,000 Long-term 
$ 1,808,000 Short-term 

$12,942,000 
0703K 

$14,746,000 

$ 13,000 Long-Term 
$ 1,832,000 Short-Term 

$18,233,000 

$12,978,000 

$ 13,000 Long-Term 
$ 1,808,000 Short-Term 

$16,422,000 

$ 3,145,000 

$ 13,000 

$ 3,369,000 

$ 2.176,000 

$ 13,000 

$ 2.400,000 



TABLE 4-7 (Cont'd) 

SUMMARY OF ALTERNATTvr yftn 

I 
o 
N) 

Compliance with 

-ComplIance wi th 
contami nant-specif ic 
ARARs 

health 

-Appropriateness of 
wai vers 

-Compliance with 
action-specific ARARs 

-Compliance with ap
propriate criteria, 
advisories, and 
guidance 

Overall Prntectim. of 
Human Health and ttw. 
Environment 

State 

Community Acceptanre 

No contaminant-specific ARARs 
established for arsenic con
taminated sediment. Mill 

No contaminant-specific ARARs 
established for arsenic con
taminated sediments. Will 

not meet health based levels, meet health based levels. 

Not justifiable. 

All appropriate and relevant 
RCRA closure/post-closure 
requirements in 40 CFR 264, 
110-264, 120 would not be 
met. 

Not in compliance with state 
and local criteria and fed
eral advisories. 

Risk of direct contact with 
contaminated sedieient and 
water controlled but not 
eli mi nated. Contami nants 
remain on-site and their 
toxicity, mobility or 
volume unaltered. Cancer 
risk greater than 2 x 10-6 
level. 

Treatability variance may be 
required. 

All action-specific ARARs 
would be met. 

Would be in compliance with 
state and local criteria 
and federal advisories. 

Risk of sediment ingestion re
duced. Contaminants removed 
and chemically fixated to 
reduce mobility. Volume of 
fixated solids will increase 
by 17%. Cancer risk levels 
for those sediments identified 
as a public health risk re
duced to target levels. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Same as Alternative 2A. 

Same as Alternative 2A. 

State comments indicated T„., r_ceiveo 

"° ?ct!?n a1J«"»tive from the State include the 
I? ?upr0t?ctive of huiBi,n need for sampling prior to 
health through the restricted "• ' "^ ¥ -
access to the lake. 

No public comments have been 
received to date. 

General comments received 
inc 

the initiation of the action 
to confirm the location of 
the contaminated sediments. 

Same as Alternative 1. 

Same as Alternative 2B. 

Same as Alternative 1. 

No contaminant-specific ARARs 
established for arsenic. 
Treated sediment will meet 

based levels. 

Treatability variance may be 
required. 

All action-specific ARARs will 
be met. 

Will be in compliance with state 
and local criteria and federal 
advisories. 

Risk of sediment ingestion re
duced. Contaminants removed and 
converted to nonhasardous form. 
Volume of contaminants slightly 
reduced. Cancer risk level for 
those sediments identified as a 
public health risk reduced to 
target levels. 

General comments received from 
the state include the need for 
sampling prior to the initiation 
of the action to confirm the lo
cation of the contaminated sedi
ments. 

No public comments received to 
date. 

SZ.&0 200 NIA 



TABLE 4-7 (Cont'd) 

SUHHARY OF Al TEBMATTW 

Compliance with ABaifa 

-Compliance with 
contaminant-speci fi c. 
ARARs 

Same as Alternative 3A. Same as Alternative 3A. 
Same as Alternative 3A. will not meet health based level. 

"Appropriateness of Same as Alternative 3A. 

-Compliance with Same as Alternative 3A. 
action-specific ARARs 

required1'1' var1ance may be Same as Alternative 3A. 

Same as Alternative 3A. Same as Alternative 3A. 

Not required. 

Same as Alternative 3A. 

-Compliance with ap-
propriate criteria, 

£ advisories, and 
o guidance 
w 

Overall Pr»t,ftrtiftn 1Tf 
Human Health thf 
Environment 

Same as Alternative 3A. Same as Alternative 3A. 

Same as Alternative 3A. Same as Alternative 3A. 

Same as Alternative 3A. Same as Alternative 3A. 

Same as Alternative 3A. Risk of sediment ingestion reduced. 
Nobility of contaminants reduced. 
Cancer risk level for those sedi
ments identified as a public health 
risk reduced to target levels. 
These contaminants remain on-site. 

state Acceptance Same as Alternative 3A. Same as Alternative 3A. 
Same as Alternative 3A. Same as Alternative 3A. 

Coiwrninity Acceptance Same as Alternative 3A. Same as Alternative 3A. 
Same as Alternative 3A. Same as Alternative 3A. 

9£fr0 300 NIA 
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APPENDIX A 

BREAKDOWN OF MAJOR FACILITIES 

AND 

CONSTRUCTION COMPONENTS FOR REMEDIAL ALTERNATIVES 



TABLE A-l 

ALTERNATTVE 1 - NO APTTHM 
MAJOR FACILITIES AND CONSTRUCTTON components 

Estimated 
Facility/Construction Quantities Description 

1. Posting of Warning Signs 

2. Public Awareness Program 

75 14 ft x 3 ft PVC 
signs on 6 ft posts 
along lake perimeter 
located approximately 
500 ft apart. 

1 public meeting and 
1 public workshop 

9337b 
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IHDLL H-t 

At,TERWATIVE 2A - REMOVAL/FTXATION/OFF-SITE NONHAZARDnilS i amm i 

Facility/ 
Construction 

I. SITE PREPARATION 

1. Parking Area (included in 2.) 

2. Equipment Parking and Storage Area 

3. Security Fence & Gate 

A. Access Road 

II. SUPPORT FACILITIES 

III. SEDIMENT HYDRAULIC DREDGING* 

MAJOR FACILITIES AMfl fflNSTRUfTTflM COMPONFHTS 

III. SEDIMENT EXCAVATION** 

IV. CLEAN BACKFILL 

V. HOLDING TANKS & MIXERS 

VI. SEDIMENT THICKENING SYSTEM 

1. Separator 

2. Slurry Pump 

VII. SUPERNATANT TREATMENT SYSTEM 

1. Coagulator - Clarifier 

Estimated 
Quantities 

100 ft x 100 ft 

1.000 ft 

3,000 ft x 25 ft 

5 trailers 

450,598 cy 

80,285 cy 

80,285 cy 

2 

1 

2 

Description 

1 ft thick crushed stone pavement. 

8 ft high, all metal, 45° inclined barbed wire, 
double frame gate, each 12 ft wide, 8 ft high. 

1 ft thick crushed stone and drain ditch. 

Trailervt2r,a) EPA/0EP office b) Engineer Office 
c) Health/Safety (Decontamination Equipment) 
d) Contractor Office e) Contractor's Equipment. 

Dredge sediments to 1.0 ft depth over 81 acres 
using two units of "Mudcat" dredge Model MC-915 @ 
50 in place cy/hr each with one common pontooned 
floating pipeline to treatment plant. Dredging 
produces 20% solids by weight. Cost includes silt 
curtains and other temporary controls. 

Excavation of floodplain sediments of 55 volume % 
solids. 

Clean fill used to replace dredged and excavated 
material. 

Two 120,000 gallon steel tanks with mi xers. 

14-6 in. soft rubber lined hydroclones mounted in 
parallel. 7 operating, 7 stand-by. 

500 gpm each, diaphragm pumps. 1 operating, 1 
standby. 

Two 20 ft diameter coagulator - clarifiers, steel 
tank, 10 ft sidewall depth, bottom slope 3 in./ft, 
built on-site, heavy duty rake mechanism, with 
rapid mixing, coagulation/flocculation and 
sedimentation chambers. 

Z8p0 ?0n 
Z00 HIA 



• hole. «-c nont'd; 
ALTERNATTVF 7A 

MAJOR 

Facility/ 
Construct! 

VII. SUPERNATANT TREATMENT SYSTEM (Cont'd) 

2. Sludge Pumps 

3. Coagulant Feeding Pump 

4. Coagulant Day Tank 

5. Polymer Feeding Pump 

6. Polymer Day Tank 

'• Ferric Chloride Feeding Pump 

8. Ferric Chloride Day Tank 

VIII. CHEMICAL FIXATION SYSTEM 

1. Slurry Mixing Tank 

2. Mixers 

3. Chemical Tank (K-20 LSC) 

4. Chemical Feeding Pump 

5. Carbon Powder Silo 

6. Carbon Powder Feeding System 

7. Portland Cement Silo 

8. Portland Cement Feeding System 

9. Fly Ash Silo 

-REMQVAL/FIXATION/OFF-SITE N0NHA2ARD0US lAMHrrii 
FACILITIES AND CONSTRUCTION fflHPflMFMTC 

Estimated 
Quantities 

2 

2 

1 

2 

1 

2 

1 

2 

2 

1 

2 

1 

2 

1 

2 

1 

Description 

10 gpm each, diaphragm pumps. 

Metering pumps, each 60 gph, 

500 gal day tank, fiberglass 
with one mixer. 

Metering pumps, each 20 gph, 

stainless steel 316. 

reinforced polyester 

200 gal day tank, fiberglass 
with one mixer. 

stainless steel 316. 

reinforced polyester 

Metering pumps, each 60 gph, stainless steel 316. 

reinforced polyester 500 gal day tank, fiberglass 
with one mixer. 

3,500 gal steel tanks, each with 20 min mixing time. 

Turbine impellers with 6 ft flat blades. 

3,000 gal steel tank with one mixer (one week 
storage). 

Metering pumps, each 60 gph, stainless steel 316. 

3,000 gal steel tank (one week storage) elevated 
steel structure support. 

eachStal>^e ̂  "'/min l°ss In weight type dry feeder 

80,000 gal steel tank (one week storage tank), 
elevated steel structure support. 

Adjustable 400 lb/min loss in weight type dry 
feeder each. " r' 

20,000 gal steel tank (one week storage tank), 
elevated steel structure support. 

e8>° zoo nia 
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IADLL A-c (lont'd) 

ALTERNATTVF ?A -
MAJOR 

Facility/ 
Constructinn 

VIII. CHEMICAL FIXATION SYSTEM (Cont'd) 

10. Fly Ash Feeding System 

11. SIudge Pump 

12. Process Water Delivery System 

13. Sediment Belt Conveyor and Hopper** 

IX. FIXATED SEDIMENT CURING SYSTEM 

1. Curing Basin Dike 

2. Clay Layer 

X. OFF-SITE N0NHAZARD0U5 LANDFILL 

XI. PROCESS PIPING AND I&C 

XII. ELECTRICAL 

XIII. BUILDINGS. PLATFORMS & STAIRS 

XIV. FOUNDATIONS & PADS 

M0NHA7ARD0US LANOFTI I 
FACILITIES AND CONSTRUCTION COHPOHFMT<f 

Estimated 
Quantities 

600 ft 

850 cy 

210,874 ton 

Description 

Adjustable 100 lb/tnin loss in weight type dry 
feeder each. 

150 gpm diaphragm pump. 1 operating, 1 standby. 

Includes tank, pump, piping, and high pressure 
water system. 

Double vibrating screen hopper 45° belt is 
completely enclosed and capable of reaching 25 ft 
elevation. 

Top width = 3 ft, slope = 1:3, height = 2 ft bottom 
width = 15 ft, 
basin area = 150 ft x 150 ft 

Local clay with 1 x 1Q-^ cm/sec permeability, 
1 ft thick, 22,500 ft2. 

t0 """hazardous landfill facilities (within 
100 miles from Union Lake), 480 ton/day. 

For the above treatment facilities 

For the above treatment facilities 

For the above treatment facilities 

For the above treatment facilities 

* Applicable only if remediation occurs when 
Applicable only if remediation occurs when the lake is at its full condition, the lake is at its drawdown condition. 

*8*0 300 NIA 



TABLE A-3 

ALTERNATIVE ?B -

Fgci1i t v/ConstrurH nn 

I. SITE PREPARATION 

II. SUPPORT FACILITIES 

III. SEDIMENT HYDRAULIC DREDGING*/ 
SEDIMENT EXCAVATION** 

IV. CLEAN BACKFILL 

V. HOLDING TANKS 

VI. SEDIMENT THICKENING SYSTEM* 

VII. SUPERNATANT TREATMENT SYSTEM* 

VIII. CHEMICAL FIXATION SYSTEM 

IX. FIXATED SEDIMENT CURING SYSTEM 

X. ON-SITE HAZARDOUS LANDFILL 

1. Liner System 

o Clay Layer 

Synthetic Liner 

Geotextile Cloth 

Leachate Collection System 

- PVC Pipe 
- RC Sump 
- Pumps 

o Sand Layer 

Fixated Sediment Hauling, 
Deposition and Compaction 

Capping System 

o Clay Layer 

o Geotextile Cloth 

o Drainage Layer 

o Topsoil 

Veqetation (G>-ass Seeding) 

Wl/\ 

m i NnNHAZABD0|i?; • aMPFTi • 
MAJOR FACILITIES ANtl rpflSTRIirTTnui COHPOMFNTC 

0 

0 

o 

Estimated Ouantitioc Descriotion 

Same as Alt. 2A, Item I Same as Alt. 2A, Item I 
Same as Alt. 2A, Item II Same as Alt. 2A, Item II 
Same as Alt. 2A, Item III Same as Alt. 2A, Item III 

Same as Alt. 2A, Item IV Same as Alt. 2A, Item IV 
Same as Alt. 2A, Item V Same as Alt. 2A, Item V 

Same as Alt. 2A, Item VI Same as Alt. 2A, Item VI 
Same as Alt. 2A, Item VII Same as Alt. 2A, Item VII 
Same as Alt. 2A, Item VIII Same as Alt. 2A. Item VIII 
Same as Alt. 2A, Item IX Same as Alt. 2A, Item IX 

$8 to 
?oo 

26,277 cy 

349,546 sf 

328,957 sf 

3,495 ft 
2 
2 

25,128 cy 

116,542 cy 

25,164 cy 

239,868 sf 

13,147 cy 

27,356 cy 

7.86 acres 

2 ft thick clay (permeability 10~7 cm/sec) 

40 mil high density polyethylene (HOPE) 

Polypropylene cloth to allow filtration of 
leachate into sand layer 

4 in. dia perforated 
4 ft dia 6 ft deep 
25 gpm each, chemical resistant 

2 ft thick sand layer 

264 cy/day 

2 ft thick clay (permeability 10~7 cm/sec) 

Polypropylene cloth to allow filtration of 
leachate into drainage layer 

1 ft thick sand layer 

2 ft thick topsoil 



IADLL A-J icont'd) 

ALTERNATIVE 2B - REHOVAI /FIXATION/ON-SITE NQNHA7APDQUS I AMnFTI I 
MAJOR FACILITIES AMD CONSTRUCTION COMPONENTS^ 

F.aci 1 i tv/Construrti on 

4. Drainage Ditch 

o CI ay Layer 

o Topsoi1 

o Vegetation (Grass Seeding) 

XI. PROCESS PIPING AND I&C 

XII. ELECTRICAL 

XIII. BUILDINGS. PLATFORMS & STAIRS 

XIV. FOUNDATIONS & PADS 

Estimated Quantities 

3,408 ft 

9,804 cy 

3,266 cy 

0.86 acres 

Same as Alt. 2A, Item XI 

Same as Alt. 2A, Item XII 

Same as Alt. 2A, Item XIII 

Same as Alt. 2A, Item XIV 

Description 

Top Width = 14 ft, Total Depth = 2 ft 
Side Slope = 3:1, Bottom Width = 2 ft 

2 ft thick clay (permeability -
10"7 cm/sec) 

2 ft thick topsoi1 

Same as Alt. 2A, Item XI 

Same as Alt. 2A, Item XII 

Same as Alt. 2A, Item XIII 

Same as Alt. 2A, Item XIV 

981,0 zoo „IA 
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Faci1i ty/ 
Constructing 

I. SITE PREPARATION 

II. SUPPORT FACILITIES 

III. SEDIMENT HYDRAULIC DREDGING"/ 
SEDIMENT EXCAVATION*" 

IV. CLEAN BACKFILL 

V. SEDIMENT EXTRACTION SYSTEM 

1. Primary Mixing Tank and Mixer 

2. Primary Separator 

3. Primary Slurry Pump 

4. Water Feeding Pump 

5. Piping 

6. Secondary Mixing Tank and Mixer 

7. Secondary Separator 

8. Secondary Slurry Pump 

9. Process Water Delivery System 

10. Sediment Belt Conveyor and Hopper 

VI. EXTRACTANT TREATMENT SYSTEM 

1. Extractant Oxidation 

o Reactor Tank 

Z.8fr0 200 NIA 

TABLE A-4 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SFDTMENTS TO OFF-STTr 
NQNHA2ARD0US LANDFILL/OFF-SITE HAZARDOUS SLUDGE niSPfKAi 

MAJOR FACILITIES AMD PONSTMCT TON r OMPflNENTS^^^ 

Estimated 
Quantities 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 2A, Item III 

Description 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 2A, Item III 

Same as Alt. 2A, Item IV Same as Alt. 2A, Item IV 

2 

1,000 If 

2 

1 

2 

1 

Two 120,000 gallon steel tanks with mixers. 

14-6 in. soft rubber lined hydroclones 
mounted in parallel. 7 operating, 7 on 
stand-by. 

500 gpm, diaphragm pumps. 1 operating, 1 
standby. 

Each 200 gpm, metering pumps 

6 in. dia. (insulated). 

Two 60,000 gallon steel tanks with mixers. 

Same as above. 

Each 500 gpm, diaphragm pumps. 1 
operating, 1 standby. 

Includes tank, pump, piping and high 
pressure water system. 

Double vibrating screen hopper 45° belt is 
completely enclosed and capable of reachinq 
25 ft. elevation. 

Two 30 ft dia 12 ft sidewall reactor tanks, 
open top epoxy lined steel tank, 4 baffles 
- 90°_apart, 12 ft deep, 1 ft wide, top to 
contain agitation mounting. 

9337b 



• MULL. «-H ((.ONE'A; 

Facility/ 
Constructor 

ALTERNATIVE 3A - REMOVAL/EXTRACTTflM/<tFnTMFUTC TO OFF-SITF 
NQNHAZARDOUS IANDFILL/QFF-SITE HAZARDOUS SLUDGF nrspn<;/̂  

MAJOR FACIIITIES AND CONSTRUCTION COMPONENTS 

o Agi tator 

Acid Feeder 

Acid Storage Tank 

Potassium Permanganate Silo 

o Potassium Permanganate Feeder 

2 .  Extractant Coagulation/Flocculation/ 
Precipitation 

o Coagulator - Clarifier 

o 

o 

o 

o 

o 

Sludge Pump 

Water Pump 

Ferric Chloride Storage Tank 

Ferric Chloride Feeder 

Polymer Feeder 

o Polymer Day Tank 

Caustic Storage Tank 

Caustic Feeders 

Estimated 
Quantities 

VII. OFF-SITE NONHAZARDOUS DISPOSAL 

VIII. OFF-SITE HAZAROOUS DISPOSAL 

2 

4 

1 

2 

2 

1 

2 

105,830 ton 

8,555 ton 

Description 

Two agitators. 2 - four pitch blade turbine 
impellers, top mounted, shaft 12 ft, 
stainless steel. 

Metering pumps, 40 gph, stainless steel. 

3,000 gal carbon steel, horizontal tank, 
rubber lined. 

2,000 gal steel tank, elevated steel 
structure support. 

Each 1.0 lb/min adjustable, loss in weight 
type dry feeders. 

Each 48 ft dia coagulator/clarifier, 12 ft 
sidewall depth, bottom slope 3 in/ft, 
concrete bottom, steel tank epoxy lined, 
heavy duty rake mechanism. 

Four 10 gpm, diaphragm pumps. 

200 gpm, TDH = 25 ft, HP = 4.2 

12 ft dia, 15 ft vertical, cone roof, steel 
bottom, carbon steel tank, rubber lined. 

30 gph metering pumps, Teflon lined. 

20 gph metering pump each, stainless 
steel 316. 

200 gal day tank, fiberglass reinforced 
polyester. 

1,000 gal steel tank, rubber lined. 

40 gph, metering pumps stainless steel 316. 

Trucked to nonhazardous landfill sites 
(within 100 miles from river), 150 ton/day. 

Trucked to RCRA "C" landfill sites 

88*0 200 NIA 



IMOLL tLOnt'd) 

ALTERNATIVE 3A - REMOVAL/EXTRAfTTOM/SFnTMruTc Tn (iff-sitf 
NQHHAZARDQUS LANDFILL/OFF-SITE HA7annniK SLUDGE DISPfKAl 

MAJOR FACILITIES AND CONSTRUCTION COHPflMFHTS 
Facility/ . . Estimated 

Quantities Description 
IX. PROCESS PIPING AND I&C L L 

For the above treatment facilities 

X. ELECTRICAL r t 
For the above treatment facilities 

XI. BUILDINGS, PLATFORMS & STAIRS r ., , 
For the above treatment facilities 

XII. FOUNDATIONS & PADS 
For the above treatment facilities 

68*0 300 NIA 



TABLE A-5 

ALTERNATIVE 3B - RFMfWMI /FVTPArTTnw /ccnrucrc Tn n*i_«TTr 
NONHAZARDWS I ANDFILI/OFF-ST TP HAZARDOUS SIIinfiF iiffil§ncAF 

MAJOR F^ILITTFS AND C^STRIIFTTOM CMPONFNTS 

Facility/ 
Construction Estimated 

Ouantities 

I. SITE PREPARATION Same as Alt. 2A, Item I 
II. SUPPORT FACILITIES Same as Alt. 2A, Item II 

III. SEDIMENT HYDRAULIC DREDGING*/ 
SEDIMENT EXCAVATION** Same as Alt. 2A, Item III 

IV. CLEAN BACKFILL Same as Alt. 3A, Item IV 
V. SEDIMENT CHEMICAL EXTRACTION SYSTEM Same as Alt. 3A, Item VI 

VI. EXTRACTANT TREATMENT SYSTEM Same as Alt. 3A, Item V 
VII. ON-SITE N0NHAZARD0US LANDFILL Same as Alt. 3A, Item VI 

1. Liner System 

o Clay Layer 16,505 cy 

o Synthetic Liner 219,297 sf 

o Geotextile Cloth 205,387 sf 

o Leachate Collection System 
- PVC Pipe 
- RC Sump 
- Pumps 

2,193 ft 
2 
2 

o Sand Layer 15,727 cy 

2. Extracted Sediment Hauling, 
Deposition and Compaction 70,528 cy 

3. Capping System 

o Clay Layer 15,589 cy 

o Geotextile Cloth 146,356 sf 

o Drai nage Layer 8,158 cy 

o Top Soil 16,999 cy 

o Vegetation 4.84 acres 

Description 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 2A, Item III 

Same as Alt. 3A, Item IV 

Same as Alt. 3A, Item VI 

Same as Alt. 3A, Item V 

Same as Alt. 3A, Item VI 

2 ft thick clay (permeability 10~7 cm/sec) 

40 mil high density polyethylene (HDPE) 

Polypropylene cloth to allow filtration of 
leachate into sand layer 

6 in. dia perforated 
4 ft dia, 5 ft deep 
25 gpm each, chemical resistant 

2 ft thick sand layer 

100 cy/day 

2 ft thick clay (permeability 10~7 cm/sec) 

Geotextile cloth to allow filtration of 
leachate into drain layer 
1 ft thick sand layer 

6 in. topsoil 

7nn 06*0 Z°° 



TABLE A-5 (Cont'd) 

38 ~ BtrMWAL/EXTBArTHm/sraTMFMT'; tn nu-CTTc 
NQNHAZARPWS LANPFILL/OFF-SITE HAZARDOUS SLUDGF OISPOSAI 

MAJORFACILITlESAwnrnM'iTHucTifwrnHPntJFMT^^^^ 

Faci 1i ty/ 
Construrtinn 

VII. ON-SITE NONHAZAROOUS LANDFILL (Cont'd) 

4. Drainage Pitch 

o Clay Layer 

o Topsoil 

o Vegetati on 

VIII. OFF-SITE HAZAROOUS DISPOSAL 

IX. PROCESS PIPING AND I&C 

X. ELECTRICAL 

XI. BUILDINGS, PLATFORMS AND STAIRS 

XII. FOUNDATIONS AND PADS 

Estimated 
Quantities 

2,294 ft 

6,601 cy 

2,199 cy 

0.58 acres 

Same as Alt. 3A, Item VIII 

Same as Alt. 3A, Item IX 

Same as Alt. 3A, Item X 

Same as Alt. 3A, Item XI 

Same as Alt. 3A, Item XII 

Description 

Top Width - 20 ft, Total Depth = 2 ft 
Bottom Width - 2 ft, Side Slope - 2:1 

2 ft thick clay (permeability -
10"' cm/sec) 

2 ft thick topsoil 

Same as Alt. 3A, Item VIII 

Same as Alt. 3A, Item IX 

Same as Alt. 3A, Item X 

Same as Alt. 3A, Item XI 

Same as Alt. 3A, Item XII 

16*0 Z00 



IMOLC A**0 
ALTERNATIVE V -

MAJOI FAClimfjMl'r!IX»irV.'8frn»«m.« 

Facility/ 
Construction 

I. SITE PREPARATION 

II. SUPPORT FACILITIES 

III. SEDIMENT HVDRAULIC DREDGING*/ 
SEDIMENT EXCAVATION"* 

IV. CLEAN BACKFILL 

V. SEDIMENT EXTRACTION SYSTEM 

VI. EXTRACTANT TREATMENT SYSTEM 

VII. SEDIMENT REOEPOSITION 

VIII. OFF-SITE HAZARDOUS DISPOSAL 

IX. PROCESS PIPING I&C 

X. ELECTRICAL 

XI. BUILDINGS, PLATFORMS AND STAIRS 

XII. FOUNDATIONS AND PADS 

Estimated 
Quantities 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 3A, Item III 

Same as 

Same as 

Same as 

70,528 

Same as 

Same as 

Same as 

Same as 

Same as 

Alt. 3A. 

Alt. 3A, 

Alt. 3A, 

cy 

Alt. 3A, 

Alt. 3A, 

Alt. 3A, 

Alt. 3A, 

Alt. 3A, 

Item IV 

Item VI 

Item V 

Item VIII 

Item IX 

Item X 

Item XI 

Item XII 

Description 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 3A, Item III 

Same as Alt. 3A, Item IV 

Same as Alt. 3A, Item VI 

Same as Alt. 3A, Item V 

Treated sediments deposited at a rate of 
110 cy/day from dump trucks or barges 

Same as Atl. 3A, Item VIII 

Same as Alt. 3A, Item IX 

Same as Alt. 3A, Item X 

Same as Alt. 3A, Item XI 

Same as Alt. 3A, Item XII 

Z0° UlA 
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HAJQR FACILiriFS and*^rKTBV,UPrVSicoMPnWFMT<: 

Facility/ 
Construction 

I. SITE PREPARATION 

II. SUPPORT FACILITIES 

III. SEDIMENT HYDRAULIC DREOGING*/ 
SEDIMENT EXCAVATION** 

IV. CLEAN BACKFILL 

V. SEDIMENT EXTRACTION SYSTEM 

VI. EXTRACTANT TREATMENT SYSTEM 

VII. PLANT SITE DEPOSITION 

1. Hauli ng/Depositi on/Compacti on/Gradi ng 

2. Topsoil 

3. Vegetation 

VIII, OFF-SITE HAZARDOUS DISPOSAL 

IX, PROCESS PIPING I&C 

X. ELECTRICAL 

XI. BUILDINGS, PLATFORMS ANO STAIRS 

XII. FOUNDATIONS AND PADS 

Estimated 
Ouantitiws 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 3A, Item III 

Same as Alt. 3A, Item IV 

Same as Alt. 3A, Item VI 

Same as Alt. 3A, Item V 

70,528 cy 

40,333 cy 

20 acres 

Same as Atl. 3A, Item VIII 

Same as Alt. 3A, Item IX 

Same as Alt. 3A, Item X 

Same as Alt. 3A, Item XI 

Same as Alt. 3A, Item XII 

Description 

Same as Alt. 2A, Item I 

Same as Alt. 2A, Item II 

Same as Alt. 3A, Item III 

Same as Alt. 3A, Item IV 

Same as Alt. 3A, Item VI 

Same as Alt. 3A, Item V 

Treated Sediments deposited on plant site 

One foot depth of topsoil placed above 
treated sediments 
Grass seeding 

Same as Atl. 3A, Item VIII 

Same as Alt. 3A, Item IX 

Same as Alt. 3A, Item X 

Same as Alt. 3A, Item XI 

Same as Alt. 3A, Item XII 

C6"° ?oo „IA 



Facility/ 
Constructi9n 

I. SITE PREPARATION 

II. COARSE SAND COVER INSTALLATION 

Estimated 
Quantities 

Same as Alt. 2A, Item I 

130,608 cy 

Description 

Same as Alt. 2A, Item I 

Coarse sand to be trucked to site. Barges 
and/or bulldozers to deposit 1 ft layer of 
sand over contaminated sediments. 

*6*0 300 NIA 
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FAC,L,TY/ ESTIMATED 
CONSTRUCTION oSnms 

I. POSTING OF UARNING SIGNS 75 

II. PUBLIC AWARENESS PROGRAM 2 

96*0 200 NIA 

1 

TABLE B-1 

ALTERNATIVE 1 - NO ACTION 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

UNIT PR,rR,AL'c^T UNIT 

100.00 7,500 100.00 7,500 15,000 

10,000.00 20,000 20,000 

Total Direct Construction Cost (TDCC) *s nnn 

Contingency S20X of TDCC 7 mm 
Engineering 05% of TDCC 

Legal and Administrative a 2% of TDCC *705 

Total Construction Cost 447450 



FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 

1. Parking Area (included in 2.) 

2. Equipment Parking and Storage Area 

3. Security Fence and Gate 

4. Access Road 

II. SUPPORT FACILITIES 

III. SEDIMENT HYDRAULIC DREDGING 

IV. CLEAN BACKFILL 

V. HOLDING TANKS AND MIXERS 

VI. SEDIMENT THICKENING SYSTEM 

1. Separator 

2. Slurry Pump 

TABLE B-2 

ALTERNATIVE 2A - REHOVAL/FIXATION/OFF-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

1,110 sy 

1,000 If 

8,333 sy 

450,598 cy 

80,285 cy 

2 

1 

2 

MATERIAL, S 
UNIT PRICE COST 

7.50 

17.60 

11.70 

5 trailers 15,600.00 

10.00 

115,000.00 

63,000.00 

17,600.00 

8,325 

17,600 

97,496 

78,000 

802,852 

230,000 

63,000 

35,200 

INSTALLATION,* 
UNIT PRICE COST 

6.78 

33.15 

14.94 

5.76 

4.54 

45,500.00 

10,000.00 

5,900.00 

7,526 

33,150 

124,495 

2,595,442 

364,495 

91,000 

10,000 

11,800 

DIRECT CONSTRUCTION 
COST, S 

15,851 

50,750 

221,991 

288,592 

78,000 

2,595,442 

1,167,347 

321,000 

73,000 

47,000 

120,000 

Zo° Nl/v 



FACILITY/ 
CONSTRUCTION 

VII. SUPERNATANT TREATMENT SYSTEM 

1. Coagutator - Clarifier 

2. Sludge Pimp 

3. Coagulant Feeding Punp 

4. Coagulant Day Tank 

5. Polymer Feeding Pump 

6. Polymer Day Tank 

7. Ferric Chloride Feeding Pimp 

8. Ferric Chloride Day Tank 

VIII. CHEMICAL FIXATION SYSTEM 

1. Slurry Mixing Tank 

2. Mixer 

3. Chemical Tank (K-20 LSC) 

4. Chemical Feeding Punp 

5. Carbon Powder Silo 

6. Carbon Powder Feeding System 

7. Portland Cement Silo 

8. Portland Cement Feeding System 

9. Fly Ash Silo 

TABLE B-2 (Continued) 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

MATERIAL, S 
UNIT PRICE COST 

INSTALLATION,* 
UNIT PRICE COST 

DIRECT CONSTRUCTION 
COST, % 

2 92,740.00 185,480 24,300.00 48,600 234,080 
2 3,200.00 6,400 890.00 1,780 8,180 
2 1,900.00 3,800 510.00 1,020 4,820 
1 6,000.00 6,000 2,295.00 2,295 8,295 
2 1,200.00 2,400 510.00 1,020 3,420 
1 4,000.00 4,400 2,040.00 2,040 6,440 
2 1,900.00 3,800 765.00 1,530 5,330 
1 6,000.00 6,000 2,295.00 2,295 8,295 

278,860 

2 10,970.00 21,940 4,210.00 8,420 30,360 
2 Included with Slurry Nixing Tank 
1 10,000.00 10,000 3,825.00 3,825 13,825 
2 1,900.00 3,800 765.00 1,530 5,330 
1 4,500.00 4,500 1,785.00 1,785 6,285 
2 21,000.00 42,000 1,275.00 2,550 44,550 
1 33,000.00 33,000 51,000.00 51,000 84,000 
2 17,500.00 35,000 1,275.00 2,550 37,550 
1 16,000.00 16,000 25,500.00 25,500 41,500 

86*0 200 NIA 



\W?IV IIMCU/ 

FACILITY/ 
CONSTRUCTION 

VIII. CHEMICAL FIXATION SYSTEM (cont'd) 

10. Fiy Ash Feeding System 

11. Sludge Puqp 

12. Process Water Delivery System 

IX. FIXATED SEDIMENT CURING SYSTEM 

1. Curing Basin Dike 

2. Clay Layer 

X. OFF-SITE NONHAZARDOUS DISPOSAL' 

XI. PROCESS PIPING AND I&C 

XII. ELECTRICAL 

XIII. BUILDINGS. PLATFORMS AND STAIRS 

XIV. FOUNDATIONS AND PADS 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATEO 
QUANTITIES 

600 ft 

850 cy 

210,874 ton 

LS 

LS 

LS 

LS 

If the fixated sediments must be disposed of as 
hazardous materials, the unit cost is $230/ton with 
a disposal cost of $48,501,020 for the 210,874 tons, 
and a total alternative cost of $105,645,781. 

MATERIAL, $ 
UNIT PRICE COST 

15,000.00 

8,550.00 

36,000.00 

2.45 

20.00 

30,000 

17,100 

36,000 

1,470 

17,000 

38,000 

200,000 

180,000 

36.000 

INSTALLATIONS 
UNIT PRICE COST 

1,275.00 

3,250.00 

27,400.00 

17.85 

10.00 

100.00 

2,550 

6,500 

27,400 

10,710 

8,500 

21,087,376 

63,750 

173,400 

45,900 

142,800 

Total Direct Construction Cost (TOCC) 
Contingency 320X of TDCC 
Engineering B5X of TDCC 
Legal and Administrative B 2X of TDCC 

DIRECT CONSTRUCTION 
COST, $ 

32,550 

23,600 

63,400 

Total Construction Cost 

382,950 

12,180 

25,500 

37,680 

21,087,376 

101,750 

373,400 

225,900 

178,800 

27,237,097 
5.447,419 
1,361,855 
544,742 

34,591,114 

66*0 300 NIA 



FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-2) 

II. SUPPORT FACILITIES 
(See Table B-2) 

III. SEDIMENT HYDRAULIC DREDGING 
(See Table B-2) 

IV. CLEAN BACKFILL 
(See Table B-2) 

V. HOLDING TANKS AND MIXERS 
(See Table B-2) 

VI. SEDIMENT THICKENING SYSTEM 
(See Table B-2) 

VII. SUPERNATANT TREATMENT SYSTEM 
(See Table B-2) 

VIII. CHEMICAL FIXATION SYSTEM 
(See Table B-2) 

IX. FIXATED SEDIMENT CURING SYSTEM 
(See Table B-2) 

X. ON-SITE NONHAZARDOUS LANDFILL* 

1. Liner System 

o Clay Layer (2 ft thick) 

o Synthetic Liner 

TABLE B-3 

ALTERNATIVE 2B - RENOVAL/FIXATION/ON-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

MATERIAL, $ 
UNIT PRICE COST 

INSTALLATION,* 
UNIT PRICE COST 

DIRECT CONSTRUCTION 
COST, S 

288,592 

78,000 

2,595,442 

1,167,347 

321,000 

120,000 

278,860 

382,950 

37,680 

26,277 cy 20.00 525.543 10.00 262.772 788.315 

349,546 8f (Includes Material) 0.90 314.592 314,592 

00S0 200 NIA 



FACILITY/ 
CONSTRUCTION 

X. ON-SITE NONHAZARDOUS LANDFILL (cont'd) 

o Geotextile Cloth 

o Leachate Collection System 

- PVC Pipe 
- RC Sumps 
- Pumps 

o Sand Layer <2 ft thick) 

2. Fixated Sediment Hauling, 
Deposition and Compaction 

3. Capping System 

o Clay Layer (2 ft thick) 

o Geotextile Cloth 

o Drainage Layer (1 ft thick) 

o Topsoil (2 ft thick) 

o Vegetation (Grass Seeding) 

4. Drainage Ditch 

o Clay Layer 

o TopsofI 

o Vegetation (Grass Seeding) 

XI. PROCESS PIPING AND I&C 
(See Table B-2) 

XII. ELECTRICAL 
(See Table B-2) 

TABLE B-3 (Continued) 

ALTERNATIVE 2B - REHOVAL/FIXATION/ON-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

328,957 sf 

3,495 ft 
2 
2 

25,128 cy 

116,542 cy 

25,164 cy 

239,868 sf 

13,147 cy 

27,356 cy 

7.86 acres 

3,408 ft 

9,804 cy 

3,266 cy 

0.86 acres 

MATERIAL, S 
UNIT PRICE COST 

INSTALLATION,S 
UNIT PRICE COST 

0.85 
600.00 

5,500.00 

12.75 

20.00 

12.75 

16.10 

1,100.00 

20.00 

16.10 

1,100.00 

DIRECT CONSTRUCTION 
COST, S 

(Includes Material) 0.26 85,529 85,529 

2,971 
1,200 
11,000 

4.59 
1,020.00 
1,530.00 

16,044 
2,040 
3,060 

19,015 
3,240 
14,060 

320,382 2.30 57,794 378,176 

8.25 961,475 961,475 

503,280 10.00 251,640 754,920 
(Includes Material) 0.26 62,366 62,366 

167,624 2.30 30,238 197,862 
440,428 4.54 124,195 564,623 
8,645 668.00 5,250 13.895 

4.59 15,641 15,641 
196,072 22.95 224,992 421,064 
52,585 6.63 21,655 74,240 

941 668.00 572 1,513 

4,670,525 

101,750 

373,400 

roso 
?00 

*tlA 
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TABLE B-3 (Continued) 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE HONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES <1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION ESTIMATED 

QUANTITIES 
MATERIAL, S 

UNIT PRICE COST 
INSTALLATIONS 

UNIT PRICE COST 
DIRECT CONSTRUCTION 

COST, S 

XIII. BUILDINGS, PLATFORMS AND STAIRS 
(See Table B-2) 

XIV. FOUNDATIONS AND PADS 
(See Table B-2) 

225,900 

178,800 

If the fixated sediments must be disposed of as 
hazardous materials the cost of the on-site landfill 
'< ̂ .f?8̂ ,*49?'818 for a total landfill cost 
ot *3,161,343 and a total alternative cost of $52,013,040. 

Total Direct Construction Cost (TDCC) 

Contingency 320% of TDCC 

Engineering 35% of TDCC 

Legal and Administrative a 2% of TDCC 

Total Construction Cost 

10,820,246 
2,164,049 
541,012 
216,405 

13,741,713 

?os° zoo nia 



VJN 002 0503 
. TABLE B-4 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIHENT TO OFF-SITE NONHAZAROOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-Z) 

II. SUPPORT FACILITIES 
(See Table B-2) 

III. SEDIMENT HYDRAULIC DREDGING 
(See Table B-2) 

IV. CLEAN BACKFILL 
(See Table B-2) 

V. SEDIMENT EXTRACTION SYSTEM 

1. Primary Mixing Tanks and Mixer 

2. Primary Separator 

3. Primary Slurry Pump 

4. Water Feeding Pump 

5. Piping 

6. Secondary Mixing Tank 

7. Separator 

8. Secondary Slurry Pump 

9. Process Water Delivery System 

VI. EXTRACTANT TREATMENT SYSTEM 

1. Extractant Oxidation 

o Reactor Tank 

ESTIMATED 
QUANTITIES 

2 

1 

2 

2 

1,000 If 

2 

1 

2 

1 

MATERIAL, $ 
UNIT PRICE COST 

115,000.00 

63,000.00 

17,600.00 

4,700.00 

20.00 

70,000.00 

63,000.00 

17,600.00 

36,000.00 

230,000 

63,000 

35,200 

9,400 

20,000 

140,000 

63,000 

35,200 

36,000 

INSTALLATIONS 
UNIT PRICE COST 

45,500.00 

10,000.00 

5,900.00 

1,300.00 

60.00 

30,000.00 

10,000.00 

5,900.00 

27,400.00 

91,000 

10,000 

11,800 

2,600 

60,000 

60,000 

10,000 

11,800 

27,400 

DIRECT CONSTRUCTION 
COST, S 

288,592 

78,000 

2,595,442 

1,167,347 

321,000 

73,000 

47,000 

12,000 

80,000 

200,000 

73,000 

47,000 

63,400 

29,900.00 59,800 38,130.00 76,260 

916,400 

136,060 



TABLE B-4 (Continued) 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIMENT TO OFF-SITE NONHAZARDOUS LANDFILL/OFF 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

-SITE HAZARDOUS SLUDGE DISPOSAL 

FACILITY/ 
CONSTRUCTION 

VI. EXTRACTANT TREATMENT SYSTEM (cont'd) 

o Agi tator 

o Acid Feeder 

o Acid Storage Tank 

o Potassium Permanganate Siio 

o Potassium Permanganate Feeder 

2. Extractant Coagulation/Flocculation/ 
Precipitation 

o Coagulator - Clarifier 

o Sludge Pump 

o Uater Pump 

o Ferric Chloride Storage Tank 

o Ferric Chloride Feeder 

o Polymer Feeder 

o Polymer Day Tank 

o Caustic Storage Tank 

o Caustic Feeder 

VII. OFF-SITE NONHAZARDOUS DISPOSAL' 

VIII. OFF-SITE HAZAROOUS DISPOSAL 

IX. PROCESS PIPING AND ISC 

ESTIMATED 
QUANTITIES 

2 

2 

1 

1 

2 

2 

2 

4 

1 

2 

2 

1 

1 

2 

105,830 ton 

8,555 ton 

LS 

UNIT PRICE 

11,000.00 

2,500.00 

6,000.00 

5,000.00 

30,000.00 

491,750.00 

5,500.00 

4,700.00 

9,500.00 

2,900.00 

1,200.00 

4,400.00 

15,000.00 

2,500.00 

MATERIAL, S 
COST 

22,000 

5,000 

6,000 

5,000 

60,000 

983,500 

11,000 

18,800 

9,500 

5,800 

2,400 

4,400 

15,000 

5,000 

INSTALLATION,* 
UNIT PRICE COST 

1,530.00 

510.00 

1,530.00 

1,785.00 

1,275.00 

179,140 

2,040 

1,300 

7,650 

510 

510 

2,040 

4,000 

510 

3,060 

1,020 

1,530 

1,785 

2,550 

358,280 

4,080 

5,200 

7,650 

1,020 

1,020 

2,040 

4,000 

1,020 

DIRECT CONSTRUCTION 
COST, S 

25.060 

6,020 

7,530 

6,785 

62,550 

1,341,780 

15,080 

24,000 

17,150 

6,820 

3,420 

6,440 

19,000 

6,020 

60,800 

100 10,582,951 

230 1,967,760 

103,000 

1,683,715 

10,582,951 

1,967,760 

163,800 

*090 zoo NIA 
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ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEOIHENT TO OFF-SITE NONHAZAROOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

XII. ELECTRICAL 

XIII. BUILDINGS, PLATFORMS AND STAIRS 

XIV. FOUNDATIONS AND PADS 

ESTIMATED 
QUANTITIES 

LS 

LS 

LS 

If the extracted sediments must be disposed of as 
hazardous materials, the unit cost is $230/ton with 
adisposal cost of $24,340,900 for the 105.830 tons, 
and a total alternative cost of $46,538,290. 

MATERIAL, $ 
UNIT PRICE COST INSTALLATIONS 

UNIT PRICE COST 

200,000 

219,000 

36,700 

Total Direct Construction Cost (TDCC) 
Contingency 32OX of TDCC 
Engineering 85X of TDCC 
Legal and Administrative 8 2X of TDCC 

173,400 

49,400 

145,600 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST, $ 

373,400 

268,400 

182,300 

20.268,107 
4,053,621 
1.013,405 
405,362 

25,740,496 

S0S0 *00 SIA 



TABLE B-5 

ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIMENT TO ON-SITE NONHAZARDOUS LANDFILL/OFF-SITE HAZARDOUS SLUOGE DISPOSAL 

CAPITAL COST ESTIMATES <1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-2) 

II. SUPPORT FACILITIES 
(See Table B-2) 

III. SEDIMENT HYDRAULIC DREDGING 
(See Table B-2) 

IV. CLEAN BACKFILL 
(See Table B-2) 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table 8-4) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table B-4) 

VII. ON-SITE NONHAZARDOUS LANDFILL" 

1. Liner System 

o Clay Layer 

o Synthetic Liner 

o Geotextile Cloth 

o Leachate Collection System 

- PVC Pipe 
- RC Sumps 
- Pimps 

o Sand Layer 

2. Extracted Sediment Hauling, 
Deposition and Compaction 

3. Capping System 

o Clay Layer 

ESTIMATED 
QUANTITIES 

16,505 cy 

219.297 sf 

205,387 sf 

2,193 ft 
2 
2 

15,727 cy 

70,528 cy 

15,589 cy 

MATERIAL, S 
UNIT PRICE COST 

20.00 330,107 

(Includes Material) 

(Includes Material) 

0.85 
600.00 

5,500.00 

12.75 

1,864 
1,200 

11,000 

200,522 

INSTALLATION.) 
UNIT PRICE COST 

10.00 

0.90 

0.26 

4.59 
1,020.00 
1,530.00 

20.00 311,785 

2.30 

8.25 

10.00 

165,053 

197.367 

53,401 

10,066 
2,040 
3,060 

36,173 

581,859 

155,893 

DIRECT CONSTRUCTION 
COST, $ 

288,592 

78,000 

2,595,442 

1,167,347 

916,400 

1,683,715 

495,160 

197,367 

53,401 

11,930 
3,240 
14.060 

236,695 

581,859 

467,678 

90 SO 
zoo nia 
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ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIMENT TO ON-SITE NONHAZAROOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION ESTIMATED 

QUANTITIES 

VII. ON-SITE NONHAZARDOUS LANDFILL (cont'd) 

MATERIAL, S 
UNIT PRICE COST 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table B-4) 

IX. PROCESS PIPING AND I&C 
(See Table B-4) 

X. ELECTRICAL 
(See Table B-4) 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table B-4) 

XII. FOUNDATIONS AND PADS 
(See Table B-4) 

If the extracted sediments must be disposed of as 
hazardous materials the cost of the on-site landfill 

for 8 total on-site landfill cost 
>3,284,433 and a total alternative cost of $20,654,069. 

UNIT PRICE 
INSTALLATIONS 

o Geotextile Cloth 146,356 sf (Includes Material) 0.26 
o Drainage Layer 8.158 cy 12.75 104,014 2.30 
o Topsoil 16,999 cy 16.10 273,682 4.54 
o Vegetation (Grass Seeding) 4.84 acres 1,100.00 5,321 668.00 
Drainage Ditch 2,294 ft 4.59 
o Clay Layer 6,601 cy 20.00 132,016 22.95 
o TopsoiI 2,199 cy 16.10 35,406 6.63 
o Vegetation (Grass Seeding) 0.58 acres 1,100.00 634 668.00 

Total Direct Construction Cost (TDCC) 
Contingency 820% of TDCC 
Engineering 85% of TDCC 
Legal and Administrative 8 2% of TDCC 

COST 

38,052 

18,763 

77,175 

3,231 

10,531 

151,488 

14,580 

385 

DIRECT CONSTRUCTION 
COST, S 

38,052 

122,778 

350,857 

8,552 

10,531 

283,504 

49,986 

1,019 

Total Construction Cost 

2,926,667 

1,967,760 

163,800 

373,400 

268,400 

182,300 

12,611,824 
2,522,365 
630,591 
252,236 

16,017,016 

Z.0S0 ZOO NIA 



'N»LT D'O 

ALTERNATIVE 3C - REMOVAL/EXTRACTION/REDEPOS1TION OF SEOINENTS/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-2) 

II. SUPPORT FACILITIES 
(See Table B-2) 

III. SEDIMENT HYDRAULIC DREDGING 
(See Table B-2) 

IV. CLEAN BACKFILL 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table B-4) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table B-4) 

VII. SEDIMENT REDEPOSITION 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table B-4) 

IX. PROCESS PIPING AND I&C 
(See Table B-4) 

X. ELECTRICAL 
(See Table B-4) 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table B-4) 

XII. FOUNDATIONS AND PADS 
(See Table B-4) 

ESTIMATED 
QUANTITIES 

Not required 

70,528 cy 

MATERIAL, S 
UNIT PRICE COST INSTALLATIONS 

UNIT PRICE COST 

5.00 3S2.642 

Total Direct Construction Cost (TDCC) 
Contingency B20X of TDCC 
Engineering B5X of TDCC 
Legal and Administrative a 2% of TDCC 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST, t 

288,592 

78,000 

2.595,442 

916,400 

1,683,715 

352,642 

1,967,760 

163,800 

373,400 

268,400 

182,300 

8,870,451 
1,774,090 
443,523 
177,409 

11,265,473 

8090 ZOO NIA 



TABLE B-7 

ALTERNATIVE 3D - REHOVAL/EXTRACTION/PLANT SITE DEPOSITION FOR SEDIMENTS/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-2) 

II. SUPPORT FACILITIES 
(See Table B-2) 

III. SEDIMENT HYDRAULIC DREDGING 
(See Table B-2) 

IV. CLEAN BACKFILL 
(See Table B-2) 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table B-4) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table B-4) 

VII. PLANT SITE DEPOSITION 

1. Haul ing/Deposition/Compactfon/Grading 

2. Topsoit (1 ft. thick) 

3. Vegetation 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table B-4) 

IX. PROCESS PIPING AND I&C 
(See Table B-4) 

X. ELECTRICAL 
(See Table B-4) 

ESTIMATED 
QUANTITIES 

70,528 cy 

40,333 cy 

20 acres 

MATERIAL, $ 
UNIT PRICE COST 

INSTALLATIONS 
UNIT PRICE COST 

16.10 

1,100.00 

649,361 

22,000 

15.00 1,057,925 

4.54 183,112 

668.00 13,360 

DIRECT CONSTRUCTION 
COST, $ 

288,592 

78,000 

2,595,442 

1,167,347 

916,400 

1,683,715 

1.057,925 

832,473 

35,360 

1,925,758 

1,967,760 

163,800 

373,400 

6050 zoo Nia 



TABLE B-7 (Continued) 

ALTERNATIVE 30 - REMOVAL/EXTRACTION/PLANT SITE DEPOSITION FOR SEDINENTS/OFF-SITE HAZARDOUS SLUDOE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table B-4) 

XII. FOUNDATIONS AND PADS 
(See Table B-4) 

ESTIMATED 
QUANTITIES 

MATERIAL, $ 
UNIT PRICE COST 

INSTALLATIONS 
UNIT PRICE COST 

DIRECT CONSTRUCTION 
COST, S 

. 268,400 

182,300 

Total Direct Construction Cost (TDCC) 
Contingency 320% of TDCC 
Engineering 85% of TDCC 
Legal and Acininistrative a 2% of TDCC 

Total Construction Cost 

11,610,914 
2,322,183 
580,546 
232,218 

14,745,861 

0IS0 300 KIA 



TABLE B-8 

ALTERNATIVE 5 - IN SITU SAND COVERING 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table B-2) 

II. COARSE SAND COVER INSTALLATION 

ESTIMATED 
QUANTITIES 

130,608 cy 

MATERIAL, $ 
UNIT PRICE COST 

12.75 1,665,252 

INSTALLATION,$ 
UNIT PRICE COST 

4.00 522,432 

Total Direct Construction Cost (TDCC) 
Contingency 320% of TDCC 
Engineering 35% of TOCC 
Legal and Administrative 3.2% of TDCC 

Total Construction Cost 

01RECT CONSTRUCTION 
COST, $ 

288,592 

2,187,684 

2,476,276 
495,255 
123,814 
49,526 

3,144,870 

Us° ZOO UIA 



TABLE B-9 

ALTERNATIVE 1 - NO ACTION 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

1. Site Monitoring 

a. Visit Inspection 
& Report 

b. Ecological Survey 
& Sampling 

c. Laboratory 
Analysis 

d. Report 

BASIS OF 
ESTIMATE 

1 person 
$60 /hr 
40 hrs/yr 

6 persons 
$60 /hr 
40 hrs/yr 

16 sediment 
samples 

$400 /sample 

16 water 
samples 

$300 /sample 

40 ecological 
samples 

$200 /sample 

2 persons 
$60 /hr 
40 hrs/yr 

O&M COST 
ESTIMATE 

$2,400 

$14,400 

$6,400 

$4,800 

$8,000 

$4,800 

YEAR 

1-30 

1-30 

1-30 

1-30 

1-30 

1-30 

2. Public Information 
Seminar 

SUBTOTAL 

2 persons 
$60 /hr 
40 hrs/yr 

$40,800 

$4,800 1-30 

3. Maintenance 

a. Warning Signs 10% of DCC $1,500 < 
w 
2! 

o 
o 
N) 

O 
cn 



Contingency 5% of O&M Cost $2,355 

TOTAL ANNUAL O&M COST 



TABLE B-10 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

Monitoring 

1. Site Monitoring 

a. Visit Inspection 
& Report 

b. Laboratory 
Analysis 

BASIS OF 
ESTIMATE 

c. Report 

1 person 
$60 /hr 
40 hrs/yr 

16 sediment 
samples 

$400 /sample 

4 water 
samples 

$300 /sample 

1 person 
$60 /hr 
40 hrs/yr 

2. Monitoring 
Contingency 

5% of O&M Cost 

TOTAL ANNUAL MONITORING O&M COST 

Plant Operation 

a. Coagulant Alum 5.92 
$425 

tons 
/ton 

b. Polymer 0.12 
$4,000 

tons 
/ton 

c. Ferric Chloride 5.92 
$860 

tons 
/ton 

d. K-20 LSC 320,831 
$25 

gal 
/gal 

e. Activated Carbon 4,278 tons 

O&M COST 
ESTIMATE 

$2,400 

$6,400 

$1,200 

$2,400 

$620 

$13,020 

$2,515 

$473 

$5,088 

$8,020,763 

$6,844,384 

YEAR 

4-33 

4-33 

4-33 

4-33 

4-33 

2-3 

2-3 

2-' 

2-

2-: 
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$1,600 /ton 

f. Portland Cement 38,500 tons $2,694,976 2-3 
$70 /ton 

g. Fly Ash 12,833 tons $641,661 2-3 
$50 /ton 

SUBTOTAL $18,209,860 2-3 

< 
M 
z 

O 
o 
to 

o 
U1 



TABLE B-10 (Cont'd) 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

2. Manpower 

a. Supervision 

b. Operators 

BASIS OF 
ESTIMATE 

1 person 
$45 /hr 
8 hrs/day 

365 days/yr 

7 person 
$30 /hr 
8 hrs/day 

365 days/yr 

SUBTOTAL 

O&M COST 
ESTIMATE 

$131,400 

$613,200 

$744,600 

YEAR 

2-3 

2-3 

2-3 

3. Power 

a. Operating 
Equipment 

b. Lighting and 
Trailers 

4. Maintenance 

5. Plant Operation 
Contingency 

134 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

6 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

SUBTOTAL 

8% of TCC excluding 
off-site disposal 
and backfill costs 

$117,384 

$5,256 

$122,640 

$506,209 

5% of O&M Cost $979,165 

TOTAL ANNUAL PLANT OPERATING COST $20~562~475 

2-3 

2-3 

2-3 

2-3 

2-3 

2-3 < 
2 

o 
o 
to 
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TABLE B-ll 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

Monitoring and 
Landfill Maintenance 

1. Landfill Monitoring 

a. Visit Inspection 

b. Laboratory 
Analysis 

c. Report 

2. Landfill Maintenance 

a. Liner System 

b. Cap & Site Repair 

c. Drainage Ditch 
Repair 

d• Leachate Disposal 

3. Monitoring and 
Landfill Maintenance 
Contingency 

BASIS OF 
ESTIMATE 

2 persons 
$30 /hr 
8 hrs/visit 
2 visits/yr 

4 leachate 
samples 

$1,000 /sample 
2 times/yr 

1 person 
$60 /hr 
8 hrs 
2 times/yr 

SUBTOTAL 

2% of DCC 

2% of DCC 

2% of DCC 

1,165 gal 
$1.00 /gal 

SUBTOTAL 

5% of O&M Cost 

O&M COST 
ESTIMATE 

$960 

$8,000 

$960 

$9,920 

$32,059 

$31,873 

$10,249 

$1,165 

$75,346 

$4,263 

YEAR 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4- " ~ 

o 
o 
to 
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TOTAL ANNUAL MONITORING O&M 

Plant Operation 

Same as Alt. 2A 
See Table B-10 

TOTAL ANNUAL PLANT OPERATING COST 



TABLE B-12 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIMENTS TO OFF-SITE NONHAZARDOUS 
LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT ES^E 

Monitoring 

e. 

ESTIMATE YEAR 

Same as Alt. 2A 
See Table B-10 

TOTAL ANNUAL MONITORING O&M COST $13,020 

Plant Operation 

a. Polymer 0.23 tons $926 5 
$4,000 /ton 5926 2-3 

b. Ferric Chloride 83.31 tons $71 647 ? 7 

$860 /ton ' 2-3 

C* fy?5ochloric 84.47 tons $27 030 2-3 
Acid $320 /ton §27,030 2-3 

d. Potassium 13.02 tons $36 455 2 , 
Permanganate $2,800 /ton 

Sodium Hydroxide 92.06 tons S49 711 , 
$540 /ton 2-3 

SUBTOTAL $185,768 2-3 

< 
H 
2 
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TABLE B-12 (Cont'd) 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIMENTS TO OFF-SITE NONHAZARDOUS 
LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

2. Manpower 

BASIS OF 
ESTIMATE 

Same as Alt. 2A 
See Table B-10 

O&M COST 
ESTIMATE YEAR 

SUBTOTAL $744,600 2-3 

3. Power 

a. Operating 
Equipment 

b. Lighting and 
Trailers 

164 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

6 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

SUBTOTAL 

$143,664 

$5,256 

$148,920 

2-3 

2-3 

2-3 

4. Maintenance 

5. Plant Operation 
Contingency 

8% of TCC excluding 
off-site disposal 
and backfill costs 

5% of O&M Cost 

TOTAL ANNUAL PLANT OPERATING COST 

$665,485 2-3 

$87,239 2-3 

$1,832,012 2-3 

< 
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TABLE B-13 

ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIMENTS TO ON-SITE NONHAZARDOUS 
LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT IstILTI 25k2S 
ESTIMATE YEAR 

Monitoring and 
Landfill Maintenance 

1. Landfill Monitoring Same as Alt. 2B S9 920 >1 
See Table B-ll >»,920 4-33 

2. Landfill Maintenance 

a. Liner System 2% of $20,237 4-33 

b. Cap & Site Repair 2% of DCC $19,758 4-33 

c. Drainage Ditch 2% of DCC $6,s01 4-33 

d. Leachate Disposal 705 gal S70. . 
$1.00 /gal 3 

SUBTOTAL $47,601 4-33 

Landfill^aintenance 5% °f °&M C°St $2,876 4-33 
Contingency 

TOTAL ANNUAL MONITORING O&M COST $60,398 

Plant Operation 

Same as Alt. 3A 
See Table B-12 

TOTAL ANNUAL PLANT OPERATING COST $1,832,012 

4-33 

2-3 

0 
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TABLE B-14 

ALTERNATIVE 3 C - REMOVAL/EXTRACTION/REDEPOSITION OF SEDIMENT/ 
OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

AWWUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT BASIS OF O&M COST 
COST COMPONENT ESTIMATE ESTIMATE 

Monitoring 

Same as Alt. 3A 
See Table B-12 

TOTAL ANNUAL PLANT OPERATING COST 

ESTIMATE YEAR 

Same as Alt. 2A 
See Table B-10 

TOTAL ANNUAL MONITORING O&M COST $13,020 

Plant Operation 

4-33 

$1,832,012 2-3 
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TABLE B-15 

ALTERNATIVE 3D - REMOVAL/EXTRACTION/PLANT SITE DEPOSITION OF SEDIMENT 
OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONFttT BASIS OF O&M COST 
COST COMPONENT ESTIMATE ESTIMATE 

Monitoring 

Same as Alt. 2A 
See Table B-10 

YEAR 

TOTAL ANNUAL MONITORING O&M COST $13,020 4-33 

Plant Operation 

Same as Alt. 3A 
See Table B-12 

TOTAL ANNUAL PLANT OPERATING COST $1,832,012 2-3 
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TABLE B—16 

ALTERNATIVE 5 - IN SITU SAND COVER 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

1. Site Monitoring 

a. Visit Inspection 
& Report 

b. Laboratory 
Analysis 

c. Report 

BASIS OF 
ESTIMATE 

1 person 
$60 /hr 
40 hrs/yr 

16 sediment 
samples 

$400 /sample 

4 water 
samples 

$300 /sample 

1 person 
$60 /hr 
40 hrs/yr 

O&M COST 
ESTIMATE 

$2,400 

$6,400 

$1,200 

$2,400 

YEAR 

4-33 

4-33 

4-33 

2. Contingency 

SUBTOTAL 

5% of O&M Cost 

TOTAL ANNUAL O&M COST 

$12,400 

$620 

$13,020 4-33 

3 
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APPENDIX C 

VIN 00^)525 



FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 

1. Parking Area (included in 2.) 

2. Equipment Parking and Storage Area 

3. Security Fence and Gate 

4. Access Road 

II. SUPPORT FACILITIES 

III. SEOIMENT EXCAVATION 

IV. CLEAN BACKFILL 

V. HOLDING TANKS AND MIXERS 

VI. CHEMICAL FIXATION SYSTEM 

1. Slurry Mixing Tank 

2. Mixer 

3. Chemical Tank (K-20 LSC) 

4. Chemical Feeding Punp 

5. Carbon Powder Silo 

6. Carbon Powder Feeding System 

7. Portland Cement Silo 

TABLE C-1 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE NONHAZARDOUS LANDFILL 
/ 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

«•" o,"Ec, 

1,110 sy 7.50 8,325 6.78 7,526 15,851 
1,000 If 17.60 17,600 33.15 33,150 50,750 
8,333 sy 11.70 97,496 14.94 124,495 221,991 

288,592 
5 trailers 15,600.00 78,000 78,000 

80,285 cy 13.30 1,067,791 1,067,791 
80,285 cy 10.00 802,850 4.54 364,494 1,167,344 

2 115,000.00 230,000 45,500.00 91,000 321,000 

2 10,970.00 21,940 4,210.00 8,420 30,360 
2 Included with Slurry Mixing Tank 
1 10,000.00 10,000 3,825.00 3,825 13,825 
2 1,900.00 3,800 765.00 1,530 5.330 
1 4,500.00 4,500 1,785.00 1,785 6,285 
2 21,000.00 42,000 1.275.00 2,550 44,550 
1 33,000.00 33,000 51,000.00 51,000 84,000 

9ZS0 ZOQ nia 



IIMVU/ 

FACILITY/ 
CONSTRUCTION 

VI. CHEMICAL FIXATION SYSTEM (cont'd) 

8. Portland Cement Feeding System 

9. Fly Ash Silo 

10. Fly Ash Feeding System 

11. Sludge Pimp 

12. Process Water Delivery System 

13. Sediment Belt Conveyor and Hopper 

VII. FIXATED SEDIMENT CURING SYSTEM 

1. Curing Basin Dike 

2. Clay Layer 

VIII. OFF-SITE NONHAZARDOUS DISPOSAL' 

IX. PROCESS PIPING AND I&C 

X. ELECTRICAL 

XI. BUILDINGS, PLATFORMS AND STAIRS 

XII. FOUNDATIONS AND PADS 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

2 

1 

2 

2 

1 

3 

600 ft 

850 cy 

210,873 ton 

LS 

LS 

LS 

LS 

If the fixated sediments must be disposed of as 
hazardous materials, the unit cost is $230/ton with 
a disposal cost of $48,500,790 for the 210,873 tons 
and a total alternative cost of $103,238,918. ' 

MATERIAL, $ 
UNIT PRICE COST 

17,500.00 

16,000.00 

15,000.00 

8,550.00 

36,000.00 

34,550.00 

2.45 

20.00 

35,000 

16,000 

30,000 

17,100 

36,000 

103,650 

1,470 

17,000 

38,000 

200,000 

180,000 

36,000 

INSTALLATIONS 
UNIT PRICE COST 

1,275.00 

25,500.00 

1,275.00 

3.250.00 

27,400.00 

10,660.00 

17.85 

10.00 

100.00 

2,550 

25,500 

2,550 

6,500 

27,400 

31,980 

10,710 

8,500 

21.087.323 

63,750 

173,400 

45,900 

142,800 

Total Direct Construction Cost (TDCC) 
Contingency 020% of TDCC 
Engineering 95% of TDCC 
Legal and Administrative a 2% of TDCC 

DIRECT CONSTRUCTION 
COST, $ 

37,550 

41,500 

32,550 

23,600 

63,400 

135,630 

Total Construction Cost 

518,580 

12,180 

25,500 

37,680 

21,087,323 

101,750 

373,400 

225,900 

178,800 

25,446,160 
5,089,232 
1,272,308 
508,923 

32.316,623 

£ZS0 Z00 NIA 



FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

II. SUPPORT FACILITIES 
(See Table C-1) 

III. SEDIMENT EXCAVATION 
(See Table C-1) 

IV. CLEAN BACKFILL 
(See Table C-1) 

V. HOLDING TANKS AND MIXERS 
(See Table C-1) 

VI. CHEMICAL FIXATION SYSTEM 
(See Table C-1) 

VII. FIXATED SEDIMENT CURING SYSTEM 
(See Table C-1) 

VIII. ON-SITE NONHAZARDOUS LANDFILL" 

1. Liner System 

o Clay Layer (2 ft thick) 

o Synthetic Liner 

o Geotextile Cloth 

o Leachate Collection System 

- PVC Pipe 
- RC Sumps 
- Pumps 

o Sand Layer (2 ft thick) 

2. Fixated Sediment Hauling, 
Deposition and Compaction 

TABLE C-2 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

MATERIAL, S 
UNIT PRICE COST 

INSTALLATION,* 
UNIT PRICE COST 

DIRECT CONSTRUCTION 
COST, $ 

288,592 

78,000 

1,067,791 

1,167,344 

321,000 

518,580 

37,680 

26,277 cy 20.00 525,542 10.00 262.771 788,313 

349,545 sf (Includes Material) 0.90 314,591 

328,956 sf (Includes Material) 0.26 85,529 

116,542 cy g ̂  

314,591 

85,529 

'•y ?:£J ™ 
2 5,500.00 11,000 1.530.00 3.060 k|O60 

25'128cy 1275 320.381 2.30 57.794 375,175 

961,473 961,473 

8ZS0 ZOO N.IA 



FACILITY/ 
CONSTRUCTION 

VIII. ON-SITE NONHAZARDOUS LANDFILL (cont'd) 

3. Capping System 

o Clay Layer (2 ft thick) 

o Geotextfle Cloth 

o Drainage Layer (1 ft thick) 

o Topsoil (2 ft thick) 

o Vegetation (Grass Seeding) 

A. Drainage Ditch 

o Clay Layer 

o TopsoiI 

o Vegetation (Grass Seeding) 

IX. PROCESS PIPING AND I&C 
(See Table C-1) 

X. ELECTRICAL 
(See Table C-1) 

TABLE C-2 (Continued) 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE NONHAZARDOUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ISinms „„ J!f£lU"°"eSsT °m" "ST"1 

25,164 cy 20.00 503,279 10.00 251,639 754,918 
239,868 sf (Includes Material) 0.26 62,366 62,366 
13,147 cy 12.75 167,624 2.30 30,238 197,862 
27.356 cy 16.10 440,427 4.54 124,195 564,622 
7.86 acres 1,100.00 8,645 668.00 5,250 13.895 
3,408 ft 4.59 15,641 15.641 
9,804 cy 20.00 196,071 22.95 224,992 421,063 
3,266 cy 16.10 52,585 6.63 21,655 74,240 
0.86 acres 1,100.00 941 668.00 572 1,513 

4.670,514 

101,750 

373,400 

6ZS0 200 NIA 
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FACILITY/ 

CONSTRUCTION 

XI. BUILDINGS, PLATFORMS AND STAIRS 

(See Table C-1) 

XII. FOUNDATIONS AND PADS 

(See Table C-1) 

TABLE C-2 (Continued) 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE NONHAZARDGUS LANDFILL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 

QUANTITIES 
MATERIAL, $ 

UNIT PRICE COST 
INSTALLATION,$ 

UNIT PRICE COST 
DIRECT CONSTRUCTION 

COST, $ 

225,900 

178,800 

If the fixated sediments must be disposed of as 

hazardous materials the cost of the on-site landfill 

« .^HO?8^,4511'018 for 8 total on"8ite landfill cost 
or 55,TBI,532 and a total alternative cost of $49,381,892. 

Total Direct Construction Cost (TDCC) 

Contingency 820% of TDCC 

Engineering 85% of TDCC 

Legal and Administrative 8 2% of TDCC 

Total Construction Cost 

9,029,350 

1,805,870 

451,468 

180,587 

11,467,275 

o e s o  Z O O  NIA 



ALTERNATIVE 3A • REMOVAL/EXTRACT ION/SEDIMENT TO 

CAPITAL 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

II. SUPPORT FACILITIES 
(See Table C-1) 

III. SEDIMENT EXCAVATION 
(See Table C-1) 

IV. CLEAN BACKFILL 
(See Table C-1) 

V. SEDIMENT EXTRACTION SYSTEM 

1. Primary Mixing Tanks and Mixer 

2. Primary Separator 

3. Primary Slurry Pump 

4. Water Feeding Pump 

5. Piping 

6. Secondary Mixing Tank 

7. Separator 

8. Secondary Slurry Punp 

9. Process Water Delivery System 

10. Sediment Belt Conveyor and Hopper 

VI. EXTRACTANT TREATMENT SYSTEM 

1. Extractant Oxidation 

o Reactor Tank 

ESTIMATED 
QUANTITIES 

TABLE C-3 

OFF-SITE NONHAZARDOUS LANDFILL/OFF 

COST ESTIMATES (1989 DOLLARS) 

MATERIAL, $ 
UNIT PRICE COST 

-SITE HAZARDOUS SLUDGE DISPOSAL 

INSTALLATION,$ 
UNIT PRICE COST 

DIRECT CONSTRUCTION 
COST, S 

288,592 

78,000 

1,067,791 

1,167,344 

2 115,000.00 230,000 45,500.00 91,000 321,000 
1 63,000.00 63,000 10,000.00 10,000 73,000 
2 17,600.00 35.200 5,900.00 11,800 47,000 
2 4,700.00 9,400 1,300.00 2,600 12,000 

1,000 If 20.00 20,000 60.00 60,000 80,000 
2 70,000.00 140,000 30,000.00 60,000 200,000 
1 63,000.00 63,000 10,000.00 10,000 73,000 
2 17,600.00 35,200 5,900.00 11.800 47,000 
1 36,000.00 36,000 27,400.00 27,400 63,400 
3 34,550.00 103,650 10,660.00 31,980 135,630 

1,052,030 

2 29,900.00 59,800 38,130.00 76,260 136,060 

IeS0 £00 NIA 



ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEOIHENT TO 

CAPITAL 

FACILITY/ 
CONSTRUCTION 

VI. EXTRACTANT TREATMENT SYSTEM (cont'd) 

o Agitator 

o Acid Feeder 

o Acid Storage Tank 

o Potassium Permanganate Silo 

o Potassium Permanganate Feeder 

2. Extractant Coagutation/Flocculation/ 
Precipitation 

o Coagulator - Clarifier 

o Sludge Pump 

o Water Punp 

o Ferric Chloride Storage Tank 

o Ferric Chloride Feeder 

o Polymer Feeder 

o Polymer Day Tank 

o Caustic Storage Tank 

o Caustic Feeder 

VII. OFF-SITE NONHAZARDOUS DISPOSAL" 

VIII. OFF-SITE HAZARDOUS DISPOSAL 

XI. PROCESS PIPING AND I&C 

ESTIMATED 
QUANTITIES 

2 

2 

1 

1 

2 

2 

2 

4 

1 

2 

2 

1 

1 

2 

105,829 ton 

8,555 ton 

LS 

TABLE C-3 (Continued) 

OFF-SITE NONHAZARDOUS LANDFILL/OFF 

COST ESTIMATES (1989 DOLLARS) 

MATERIAL, $ 
UNIT PRICE COST 

11,000.00 

2,500.00 

6,000.00 

5,000.00 

30,000.00 

491,750.00 

5,500.00 

4,700.00 

9,500.00 

2,900.00 

1,200.00 

4,400.00 

15,000.00 

2,500.00 

22,000 

5,000 

6,000 

5,000 

60,000 

983,500 

11,000 

18,800 

9,500 

5,800 

2,400 

4,400 

15,000 

5,000 

-SITE HAZARDOUS SLUDGE DISPOSAL 

INSTALLATION,* 
UNIT PRICE COST 

1,530.00 

510.00 

1,530.00 

1,785.00 

1,275.00 

179,140 

2,040 

1,300 

7,650 

510 

510 

2,040 

4,000 

510 

100 

230 

60,800 

3,060 

1,020 

1,530 

1,785 

2,550 

358,280 

4,080 

5,200 

7,650 

1,020 

1,020 

2,040 

4,000 

1,020 

10,582,924 

1,967,755 

103,000 

DIRECT CONSTRUCTION 
COST, S 

25,060 

6,020 

7,530 

6,785 

62,550 

1,341,780 

15,080 

24,000 

17,150 

6,820 

3,420 

6,440 

19,000 

6,020 

1,683,715 

10,582,924 

1,967,755 

163,800 

Z£s° zoo NIA 



TABLE C-3 (Continued) 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEOIMENT TO OFF-SITE NONHAZAROOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

X. ELECTRICAL 

XI. BUILDINGS, PLATFORMS AND STAIRS 

XII. FOUNDATIONS AND PADS 

ESTIMATED 
QUANTITIES 

LS 

LS 

LS 

If the extracted sediments must be disposed of as 
hazardous materiats, the unit cost is $230/ton with 
a disposal costof$24,340,67° for the 105,829 tons, 
and a total alternative~cost-of-$44r269,107. 

MATERIAL, S 
UNIT PRICE COST 

200,000 

219,000 

36,700 

INSTALLATION,$ 
UNIT PRICE COST 

173,400 

49,400 

145,600 

Total Direct Construction Cost (TDCC) 
Contingency 020% of TDCC 
Engineering 35% of TDCC 
Legal and Administrative 3 2% of TDCC 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST. S 

373,400 

268,400 

182,300 

18,876,051 
3,775.210 
943,803 
377,521 

23,972,585 

ZOO tilA 
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ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIKENT TO ON-SITE NONHAZARDOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

II. SUPPORT FACILITIES 
(See Table C-1) 

III. SEDIMENT EXCAVATION 
(See Table C-1) 

IV. CLEAN BACKFILL 
(See Table C-1) 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table C-3) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table C-3) 

VII. ON-SITE NONHAZARDOUS LANDFILL' 

1. Liner System 

o Clay Layer 

o Synthetic Liner 

o Geotextile Cloth 

o Leachate Collection System 

- PVC Pipe 
- RC Sumps 
- Pumps 

o Sand Layer 

2. Extracted Sediment Hauling, 
Deposition and Compaction 

3. Capping System 

o Clay Layer 

ESTIMATED 
QUANTITIES 

16,505 cy 

219,296 sf 

205,386 sf 

2,193 ft 
2 
2 

15,727 cy 

70.528 cy 

15,589 cy 

MATERIAL, S 
UNIT PRICE COST 

20.00 330,106 

(Includes Material) 

(Includes Material) 

0.85 
600.00 

5,500.00 

12.75 

1,864 
1,200 

11,000 

200,522 

INSTALLATION,$ 
UNIT PRICE COST 

20.00 311,784 

10.00 

0.90 

0.26 

4.59 
1,020.00 
1,530.00 

2.30 

8.25 

10.00 

165,053 

197,367 

53,400 

10,066 
2,040 
3,060 

36,173 

581,857 

155,892 

DIRECT CONSTRUCTION 
COST, t 

288,592 

78,000 

1,067,791 

1,167,344 

1,052,030 

1,683,715 

495,159 

197,367 

53,400 

11,930 
3,240 
14,060 

236,694 

581,857 

467,677 

f r e s o  ZOO NIA 



ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIMENT TO ON-SITE NONHAZARDOUS LANDFILL/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION ESTIMATED 

QUANTITIES 
MATERIAL, $ 

UNIT PRICE COST 
INSTALLATIONS 

UNIT PRICE COST 
VII. ON-SITE NONHAZARDOUS LANDFILL (cont'd) 

o Geotextile Cloth 146,355 sf (Includes Material) 0.26 38,052 
o Drainage Layer 8,158 cy 12.75 104,014 2.30 18,763 
o Topsoil 16,999 cy 16.10 273,682 4.54 77,175 
o Vegetation (Grass Seeding) 4.84 acres 1,100.00 5,321 668.00 3,231 

4. Drainage Ditch 2,294 ft 4.59 

3,231 
2,294 ft 4.59 10,531 

o Clay Layer 6,601 cy 20.00 132,016 22.95 151,488 
o Topsoil 2,199 cy 16.10 35,406 6.63 14,580 
o Vegetation (Grass Seeding) 0.58 acres 1,100.00 634 668.00 385 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table C-3) 

IX. PROCESS PIPING AND ISC 
(See Table C-3) 

X. ELECTRICAL 
(See Table C-3) 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table C-3) 

XII. FOUNDATIONS AND PADS 
(See Table C-3) 

If the extracted sediments must be disposed of as 
hazardous materials the cost of the on-site landfill 
? Î ?8̂ *370'136 ,or 0 totBl °n-S'te landfill cost 
of 53,296,797 and a total alternative cost of $18,275,675. 

Total Direct Construction Cost (TDCC) 
Contingency 320% of TDCC 
Engineering 35% of TDCC 
Legal and Administrative a 2X of TDCC 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST, S 

38,052 

122,778 

350,856 

8,552 

10,531 

283,503 

49,986 

1,019 

2,926,661 

1,967,755 

163,800 

373,400 

268,400 

182,300 

11,219,788 
2,243,958 
560,989 
224,396 

14,249,130 

S£S0 zoo 
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ALTERNATIVE 3C - REMOVAL/EXTRACTION/REOEPOSITION OF SEDIMENTS/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

II. SUPPORT FACILITIES 
(See Table C-1) 

III. SEDIMENT EXCAVATION 
(See Table C-1) 

IV. CLEAN BACKFILL 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table C-3) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table C-3) 

VII. SEDIMENT REDEPOSITION 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table C-3) 

IX. PROCESS PIPING AND I&C 
(See Table C-3) 

X. ELECTRICAL 
(See Table C-3) 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table C-3) 

XII. FOUNDATIONS AND PADS 
(See Table C-3) 

ESTIMATED 
QUANTITIES 

Not required 

70.528 cy 

MATERIAL, S 
UNIT PRICE COST 

INSTALLATION,S 
UNIT PRICE COST 

5.00 352,641 

Total Direct Construction Cost (TDCC) 
Contingency 32OX of TDCC 
Engineering 35% of TDCC 
Legal and Administrative 3 2X of TDCC 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST, S 

288,592 

78,000 

1,067,791 

1,052,030 

1,683,715 

352,641 

1,967,755 

163,800 

373,400 

268,400 

182,300 

7,478,424 
1,495,685 
373,921 
149,568 

9,497,598 

9«0 zoo nia 



TABLE C-6 

ALTERNATIVE 3D - REMOVAL/EXTRACTION/PLANT SITE DEPOSITION OF SEDIMENTS/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES <1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

11. SUPPORT FACILITIES 
(See Table C-1) 

III. SEDIMENT EXCAVATION 
(See Table C-1) 

IV. CLEAN BACKFILL 
(See Table C-1) 

V. SEDIMENT EXTRACTION SYSTEM 
(See Table C-3) 

VI. EXTRACTANT TREATMENT SYSTEM 
(See Table C-3) 

VII. PLANT SITE DEPOSITION 

1. Hauling/Deposit ion/Compact ion/Grading 

2. Topsoil (1 ft thick) 

3. Vegetation 

VIII. OFF-SITE HAZARDOUS DISPOSAL 
(See Table C-3) 

IX. PROCESS PIPING AND I&C 
(See Table C-3) 

X. ELECTRICAL 
(See Table C-3) 

ESTIMATED 
QUANTITIES 

70,528 cy 

40,333 acres 

20 cy 

MATERIAL, $ 
UNIT PRICE COST 

16.10 

1,100.00 

649.361 

22,000 

INSTALLATION,S 
UNIT PRICE COST 

15.00 1,057,922 

4.54 183,112 

868.00 13,360 

DIRECT CONSTRUCTION 
COST, $ 

. 288,592 

78,000 

1,067,791 

1,167,344 

1.052,030 

1,683,715 

1.057,922 

832,473 

35,360 

1,925,755 

1,967,755 

163,800 

373,400 

"S0 z°o NIA 



TABLE C-6 (Continued) 

ALTERNATIVE 30 - REMOVAL/EXTRACTION/PLANT SITE DEPOSITION OF SEDIMENTS/OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

FACILITY/ 
CONSTRUCTION 

XI. BUILDINGS, PLATFORMS AND STAIRS 
(See Table C-3) 

XII. FOUNDATIONS AND PADS 
(See Table C-3) 

Sues umit pr.IT^'CSST unit D'RECT C^U£t,0H 

268.400 

182,300 

Total Direct Construction Cost (TDCC) 
Contingency 820% of TDCC 
Engineering 35% of TDCC 
Legal and Actninistrative a 2% of TDCC 

Total Construction Cost 12,977,980 

10,218,882 
2,043,776 
510,944 
204,378 

8ES° zoo NIA 
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FACILITY/ 
CONSTRUCTION 

I. SITE PREPARATION 
(See Table C-1) 

II. COARSE SAND COVER INSTALLATION 

ALTERNATIVE 5 - IN SITU SAND COVER 

CAPITAL COST ESTIMATES (1989 DOLLARS) 

ESTIMATED 
QUANTITIES 

80,285 cy 

MATERIAL, $ 
UNIT PRICE COST 

12.75 1,023,634 

INSTALLATION,$ 
UNIT PRICE COST 

5.00 401,425 

Total Direct Construction Cost (TDCC) 
Contingency 820% of TDCC 
Engineering 85% of TDCC 
Legal and Administrative 8 2% of TDCC 

Total Construction Cost 

DIRECT CONSTRUCTION 
COST, $ 

288,592 

1,425,059 

1,713,651 
342,730 
85,683 
34,273 

2,176,336 

6ES0 Z00 tiIA 



TABLE C-8 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

Monitoring 

1. Site Monitoring 

a. Visit Inspection 
& Report 

BASIS OF 
ESTIMATE 

b. Laboratory 
Analysis 

c. Report 

2. Monitoring 
Contingency 

TOTAL ANNUAL 

Plant Operation 

a. K-20 LSC 

b. Activated Carbon 

c. Portland Cement 

d. Fly Ash 

1 person 
$60 /hr 
40 hrs/yr 

16 sediment 
samples 

$400 /sample 

4 water 
samples 

$300 /sample 

1 person 
$60 /hr 
40 hrs/yr 

5% of O&M Cost 

MONITORING O&M COST 

320,830 gal 
$25 /gal 

4,278 tons 
$1,600 /ton 

38,500 tons 
$70 /ton 

12,833 tons 
$50 /ton 

SUBTOTAL 

O&M COST 
ESTIMATE 

$6,400 

$1,200 

$2,400 

$620 

$13,020 

$8,020,742 

$6,844,367 

$2,694,969 

$641,659 

$18,201,738 

YEAR 

$2,400 4-33 

4-33 

4-33 

4-33 

4-33 

2-3 

2-3 

2-3 

2-3 

2-3 
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TABLE C-8 (Cont'd) 

ALTERNATIVE 2A - REMOVAL/FIXATION/OFF-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

2. Manpower 

a. Supervision 

b. Operators 

3. Power 

a. Operating 
Equipment 

b. Lighting and 
Trailers 

Maintenance 

Plant Operation 
Contingency 

BASIS OF 
ESTIMATE 

1 person 
$45 /hr 
8 hrs/day 

365 days/yr 

7 person 
$30 /hr 
8 hrs/day 

365 days/yr 

SUBTOTAL 

134 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

6 kw 
24 hrs/day 

365 days/yr 
$0.10 /kwhr 

SUBTOTAL 

8% of TCC excluding 
off-site disposal 
costs 

5% of O&M Cost 

TOTAL ANNUAL PLANT OPERATING COST 

O&M COST 
ESTIMATE YEAR 

$131,400 2-3 

$613,200 2-3 

$744,600 2-3 

$117,384 2-3 

$5,256 2-3 

$122,640 2-3 

$442,858 2-3 

$975,592 2-3 

$20,487,428 2-3 

2 
aj 
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TABLE C-9 

ALTERNATIVE 2B - REMOVAL/FIXATION/ON-SITE 
NONHAZARDOUS LANDFILL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

Monitoring and 
Landfill Maintenance 

1. Landfill Monitoring 

a. Visit Inspection 

b. Laboratory 
Analysis 

BASIS OF 
ESTIMATE 

O&M COST 
ESTIMATE 

c. Report 

2. Landfill Maintenance 

a. Liner System 

b. cap & site Repair 

c. Drainage Ditch 
Repair 

d. Leachate Disposal 

3. Monitoring and 
Landfill Maintenance 
Contingency 

2 persons 
$30 /hr 
8 hrs/visit 
2 visits/yr 

4 leachate 
samples 

$1,000 /sample 
2 times/yr 

1 person 
$60 /hr 
8 hrs 
2 times/yr 

SUBTOTAL 

2% of DCC 

2% of DCC 

2% of DCC 

1,165 gal 
$1.00 /gal 

SUBTOTAL 

5% of O&M Cost 

$960 

$8,000 

$960 

$9,920 

$32,058 

$31,873 

$10,249 

$1,165 

$75,346 

$4,263 

YEAR 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4-33 

4-: h 
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TOTAL ANNUAL MONITORING O&M COST 

Plant Operation 

Same as Alt. 2A 
See Table C-8 

TOTAL ANNUAL PLANT OPERATING COST $20,487,428 2-3 
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ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIMENTS 
TO OFF-SITE NONHAZARDOUS LANDFILL/OFF-SITE 
HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

_ _ _ _  B A S I S  O F  O & M  COST 
COST COMPONENT ESTIMATE ESTlS^E yEAE 

Monitoring 

Same as Alt. 2A 
See Table C-8 

TOTAL ANNUAL MONITORING O&M COST $13,020 

Plant Operation 

a. Polymer 0.23 tons 
$4,000 /ton 

$926 2-3 

b. Ferric Chloride 83.31 tons 
$860 /ton 

$71,647 2-3 

c. Hydrochloric 
Acid 

84.47 tons 
$320 /ton 

$27,030 2-3 

d. Potassium 
Permanganate 

13.02 tons 
$2,800 /ton 

$36,454 2-3 

e. Sodium Hydroxide 92.06 tons 
$540 /ton 

$49,711 2-3 

SUBTOTAL $185,768 2-3 
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TABLE C-10 (Cont'd) 

ALTERNATIVE 3A - REMOVAL/EXTRACTION/SEDIMENTS 
TO OFF-SITE NONHAZARDOUS LANDFILL/OFF-SITE 
HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT 

2. Manpower 

BASIS OF 
ESTIMATE 

Same as Alt. 2A 
See Table C-8 

SUBTOTAL 

O&M COST 
ESTIMATE 

$744,600 

YEAR 

2-3 

Power 

a. Operating 
Equipment 

b. Lighting and 
Trailers 

4. Maintenance 

5. Plant Operation 
Contingency 

164 kw 
24 hrs/day 

365 days/yr 
$0.10 /kwhr 

6 kw 
24 hrs/day 
365 days/yr 

$0.10 /kwhr 

SUBTOTAL 

'•>% of TCC excluding 
off-site disposal 
costs 

5% of O&M Cost 

TOTAL ANNUAL PLANT OPERATING COST 

$143,664 2-3 

$5,256 2-3 

$148,920 2-3 

$642,658 2-3 

$86,097 2 

$1,808,043 2 
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TABLE C-ll 

ALTERNATIVE 3B - REMOVAL/EXTRACTION/SEDIMENTS 
TO ON-SITE NONHAZARDOUS LANDFILL/OFF-SITE 
HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

BASIS OF O&M COST 
COST COMPONENT ESTIMATE ESTIMATE YEAR 

Monitoring and 
Landfill Maintenance 

1. Landfill Monitoring Same as Alt. 2B fig gon 
See Table C-9 

4-33 

2. Landfill Maintenance 

a. Liner System 2% of DCC $20,237 4-33 

b. Gap & Site Repair 2% of DCC $19,758 4-33 

Repair96 Dlt=h 2% °f 1)00 56,901 4-33 

d. Leachate Disposal 705 gal $705 4_33 

$1.00 /gal 

SUBTOTAL $47,601 4-33 

3* ®nd 5% of 0&M c°St $2,876 4-33 
Landfill Maintenance 
Contingency 

TOTAL ANNUAL MONITORING O&M COST $60~397 4-33 

Plant Operation 

Same as Alt. 3A 
See Table C-10 

TOTAL ANNUAL PLANT OPERATING COST $1,808 043 2-3 < 
M 
3 

o 
o 
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TABLE C-12 

ALTERNATIVE 3C - REMOVAL/EXTRACTION/ 
REDEPOSITION OF SEDIMENTS/OFF-SITE 
HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT SSlSS 

Monitoring 

ESTIMATE YEAR 

Same as Alt. 2A 
See Table C-8 

TOTAL ANNUAL MONITORING O&M COST $13,020 4-33 

Plant Operation 

Same as Alt. 3A 
See Table C-10 

TOTAL ANNUAL PLANT OPERATING COST $1,808,043 2-3 
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TABLE C-13 

ALTERNATIVE 3D - REMOVAL/EXTRACTION/ 
PLANT SITE DEPOSITION OF SEDIMENTS/ 
OFF-SITE HAZARDOUS SLUDGE DISPOSAL 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT £££*£ year 

Monitoring 

Same as Alt. 2A A 
See Table C-8 ^/s. 

TOTAL ANNUAL MONITORING O&M COST $13,020 

Plant Operation 

Same as Alt. 3A 
See Table C-10 

TOTAL ANNUAL PLANT OPERATING COST $1,808,043 

4-33 

2-3 
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TABLE C-14 

ALTERNATIVE 5 - IN SITU SAND COVER 

ANNUAL OPERATION AND MAINTENANCE COST ESTIMATES (1989 DOLLARS) 

COST COMPONENT ESTIMATF °fUTC0ST 

ESTIMATE ESTIMATE YEAR 

Monitoring 

Same as Alt. 2A 
See Table C-8 

TOTAL ANNUAL MONITORING O&M COST $13,020 4-33 

TOTAL ANNUAL PLANT OPERATING COST $13,020 4-33 
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APPENDIX D 

STATISTICAL ANALYSES 
OF SEDIMENT ARSENIC DATA 
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STATISTICAL ANALYSES OF ARSENIC DATA 

PURPOSE 

Statistical analyses were performed on the soil arsenic 

from the Union Lake site. The purpose of the analJIis was ^ 

prepare an unbiased estimate of the quantity of sediment- S 

contained an arsenic concentration ori^S?i .If-Ch 

anL°U2'5 T/k!\ This hnbiesei estimate ̂ x>uld then be used 

correlating with re^aUon" As' Siscussel"?" 
Section 2. The remediation criteria is as follows: ln 

o In the most accessible areas of the lake ft-he nnhUm 
beach and the tennis and sailing club) all sediments 
underlying a water depth of less than five feet wUh an 
remediated.110611'13'1011 20 m9/kg or greater would be 

° th,® residential areas of the lake along the eastern 
shoreline, all sediments underlying a water depth of 
trationanoftU2O0 T °"e-half - arsenic concen-
Thereafter ?SL 9reat®r would be remediated, 
sed^minfo remediation would be extended to remove 

i w ? 4?n ®rsenic concentration above 20 mg/kg 
water depth °f the shorelin®' "P to a five Yool 

o For the remaining areas of the lake, where activities 
that promote sediment ingestion are less likely to be 
SeV'"' th,® action ia^el would be 120 mg/kg 
footwater "tenth bea(.conauct?a. t0 a two and one-half 
root water depth at a minimum. Thereafter <-he 
remediation would be extended to remove sediments with 
?«t ofethe Z5"tion above 120 mg/kg within lso 

of the shoreline, up to a five foot water depth. 

METHODOT .oryy 

»Da"£%e?f̂ eVkedu\Iinr%rL(E!!;re0stig1I?̂ >-

62 locations?611 5amPleS ana samples £rom "-1 

All of the above samples were analyzed for tofai ar-ca^i* »L 

iieSSSskS 

coordinates2':?/ e "ch'^ed^ment^samplin/ poln^^'^is'wa ̂done"^ or 
all surface samples and samples in the /angi of 0-1 f" All the 
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sample points were considered as being surface samoles t\ * 

SS'st"!. "caYd̂ ê\n%eactaioynedbê „ '£ ̂ ur 

co„tou,s. The ^"SESnTm <5? 
the sediment arsenic concentrations to charaetaHw ««. t• 
sediment arsenic concentrations above the aS level nf̂  

»•ysSsr ̂  
nation W*? ̂r^edia^n ^F 
metry was then employed to estimate the area 1 • pJ?ni_ 

depth°of ̂ontaminatior^of ̂one^f oot^ "" usin* 

STATISTICAL AMAT.VRBP 

Although the algorithm used for the stati «s«-ioai 

eJSVSL-S =KS=r5L-SSs S 

«£r» 

total quantity of material to be amoved compared to the 

aŝ ^̂ t̂* al̂ ôurcesnofOIerroVn9aa ŝ cond̂ a118 

P^le^ inrrrta\^CatirrthemnaeMed1 t0"be econsiLrlTOCi^t 

Lake^'1sediments|lethislnresult^^ein'1Ca^,^8^a,^^1°°ra^®rl^^l°" 

-̂̂ al'u'atVd abyb0Uhnadndry £& H 

reductionfta°n "in^™1, -/~f 

?ive°Ut9oh variations6 ̂n* i np u t̂ p a r a me t e is ̂  'J?.1'"™.* 
various parameters evaluated is tarrant'ert aifcussion °£ the 
for this discussion, can be grouped into two* categories?""16*6"' 

1. Parameters affecting data point selection; and 
2. Parameters affecting interpolation technique. 

9490b 



Parameters in the first category include the method of selectina 

points Paramiter'Î /̂n0laatn!ien'thetĥ anr̂ aî "r̂ Um0f'3̂ "̂̂ at®et̂ "̂ 

V̂CVI '<X"I? ThrS!k̂ £r 
the computer to be). creative one desires 

dataSpoint »i?iU|eiconl?i«edahyt?hem"g^thmSta^glLraiCthe 

1̂ %%̂  â V3 

!̂ornTo"th°e£ ̂ "ŝ rcr-n̂ if <? 

OS ĝ intaao -looTfTLay rS^SS^ 

= •!.». process tnat was being mvestiaated a CTrrTmr 

sn?^*'i!"3JL*'i\bS" "•? »"»»"•• «!!'v5,n.* «,h: 

SRS.«™S ? •'•'•'™ 

Sa^s^ig'SfeSaa ?Sa 

that had to be met in order fnr ^hl J,or assumPtions 
validly applied ' °r the KRIGING algorithm to be 

thl^Sbe"rootrofe'thetdiU1anc.tSetKRIGI^ °,ethoa' Mas relatad 

grid node. OS. were^condlcte? JSSH'hi^.tUMtK'S.S' 
square root and a fifi-h J- a. 15 algorithm based on a 
because the data was distributed in a'fairlv^n'ifo9 scheme' but 

weighing scheme was not as sensitive to variation'™manner' .tbe < 
expect. Therefore a KPTrTMr1 5ie -i.u i. varia^10n as one might h 
Of the distance betweerf points was'used. S °D thS S,U"e r°0t * 

o 
o 
to 

o 
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A grid size of 50 was chosen for v 
corresponded to a grid line on earh • f*ls whlch roughly 
interpolated betweln eaciT data ™int TH' ini °ne «.cid U" 

would have provided more details J higher density grid 

been based on computer interpolation"^ they would have 

extent. m addition the ^ncrease in ^ 9reater 

processing time requirements is no? a ?• comPuj:er memory and 
fore, the resulting aesthetic 4m?™ iinear function, there-
justified. esthetic improvement would not have been 

lines^'were' contour 
method. This did not aff£et th! nodej\ ** a cubic spline 

?ode <.fee discussion of KRIGING above)8 Therefore th'680*1 9ri<5 

mg did not override the KRIGING performed on the raw flata^ 

ADJUSTMENT OF roMPTfTflfl 

arsenic data, ̂ aps^ere ge^e^aVe^which^h9116? °n the sedin,ent 
concentrations w'thTneachdata set? contoured arsenic 

depth. These maps were compared a d oveS'to det °_1 f°0t 
unbiased estimate of the area L LI f determme the 
arsenic concentration above 32 5 mq/ka Bv h S°* ^°ntaining an 
contour lines around locations whioh L. 4..'43""1"® these 

criteria, the areas of contamination £lre determined. remedUti0" 

remediatiotshowtin'rigure 3?|°aucln9 the sediment areas for 
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